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PREFACE 

AT  the  request  of  the  American  Geographical  Society  in  1896 
a  series  of  articles  on  the  Physical  Geography  of  New  York  State 
was  undertaken  aud  the  first  number  appeared  in  the  Bulletin 
of  the  American  Geographical  Society,  Vol.  XXVIII,  189G,  page  99. 
When  these  articles  were  begun  it  was  my  intention  to  cover 
the  subject  in  two  or  three  numbers;  but  after  getting  well  into 
the  task  it  became  evident  that  to  cover  the  field  with  any  ful- 
ness would  require  many  more  chapters  than  were  originally 
planned  and,  therefore,  the  series  lengthened  out  to  twelve  num- 
bers and  was  not  finished  until  1900. 

Since  the  preparation  of  the  manuscript  called  for  the  careful 
consideration  of  the  work  of  various  investigators,  there  neces- 
sarily developed  in  connection  with  the  work  a  rather  full  bibli- 
ography of  the  physical  geography  of  New  York;  and,  since  the 
work  of  these  investigators  was  made  use  of  to  such  a  marked 
extent,  references  were  made  to  the  numerous  articles.  The 
series  therefore  contained  a  rather  full  bibliography. 

As  there  is  at  present  no  complete  account  of  the  physio- 
graphic features  of  New  York  State, .jr.id.no  published  bibliography 
of  the  literature -otf'thris  subject,.  If.  lias  seemed  to  me  well  to 

• 

group  these  articles  together  ir.  A  single  publication,  especially 
since  the  Bulletin  of  ^ti.e,  An.i'rican  Geographical  Society  is 
inaccessible  to  most  gs^.^j.^p1:-}'  teachers.  I  have  been  led  to 
believe  that  there  is%  some,  .call  f;n  such  a  treatment  on  the  part 
of  the  more  progressive  geography  teachers  in  the  State,  and  it 
is  for  this  class  of  readers,  and  for  similar  teachers  in  other  sec- 
tions of  the  country,  that  the  book  is  primarily  intended.  While 
naturally  the  greater  part  of  the  material  in  the  book  is  based 
upon  the  work  of  others,  I  have  in  many  instances  drawn  upon 
my  own  observations  in  various  parts  of  the  State. 

In  the  main  the  book  is  a  reprint  of  the  articles  as  published 
in  the  Bulletin  of  the  American  Geographical  Society,  but  there 
has  necessarily  been  a  certain  amount  of  revision .  and  many  of 
the  more  important  papers  on  the  subject  which  have  appeared 
since  the  original  publication  of  the  articles  have  been  made  n>e 
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of,  so  that  in  the  main  the  bibliography  has  been  brought  down 
to  date.  The  chapter  on  Climate  (Chapter  XI),  was  written  for 
the  Bulletin  as  a  part  of  the  series,  and  Mr.  Turner  has  kindly 
given  permission  to  reprint  it  in  this  volume.  Acknowledgment 
is  due  the  American  Geographical  Society  for  permission  to  repub- 
lish  these  articles  and  for  the  loan  of  most  of  the  cuts.  A  few 
cuts  have  been  loaned  by  the  Nature  Study  Bureau,  Cornell  Uni- 
versity. The  photographs  used  have  been  obtained  from  various 
sources;  where  they  were  not  taken  by  the  author  acknowledg- 
ment to  the  photographer  has  been  made  in  the  legend.  I  am 
further  indebted  to  Mr.  Lawrence  Martin  for  assistance  in  proof- 
reading and  in  making  the  index  and  bibliography. 
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CHAPTER   I 

GENERAL    PHYSIOGRAPHIC   FEATURES 
PHYSIOGRAPHIC    PROVINCES 

GENERAL  FEATURES. —  On  its  northern  side  the  State  of 
New  York  has  natural  boundaries  for  the  greater  part 
of  its  distance;  but  nearly  everywhere  else  the  boundaries 
are  purely  artificial.  In  consequence  of  this,  most  of  the 
physiographic  provinces  of  the  State  are  merely  portions 
of  larger  areas  which  extend  into  it  from  the  neighboring 
States.  Viewed  broadly,  and  excluding  the  New  England 
border,  there  are  two  highland  areas  and  one  branching- 
area  of  lowlands  (Figs.  1,  2  and  3).  If  the  sea  should 
rise  only  a  few  hundred  feet,  it  would  extend  up  the 
Hudson  valley,  across  the  divide  into  the  basin  of  Lake 
Champlain,  and  thence  into  the  St.  Lawrence  and  Lake 
Ontario.  At  the  same  time,  it  would  reach  up  the  Mohawk, 
pass  across  the  divide  at  Rome  and  join  with  the  waters 
of  the  Ontario  basin.  Then  the  Adirondacks  would  become 
an  island,  separated  from  the  Green  Mountains  of  Vermont 
by  a  narrow  channel,  from  the  Highlands  of  Canada  by  a 
broad  strait,  and  from  the  Catskills  and  the  plateau  of 
central  and  southern  New  York  by  a  strait  of  intermediate 
width.  As  a  result  of  this  change  the  Long  Island  province 
would  be  entirely  submerged  in  the  sea. 

LONG  ISLAND  PROVINCE  (Fig.  4). —  Examining  the   topo- 
graphy of  the  State  in  a  little  more  detail,  we  find  these 


1  ID  later  pages  references  are  made  to  special  papers  upon  individual  features. 
General  descriptions  are  found  in  the  following:  Eaton,  Geological  and  Agricultural 
Survey  of  the  District  adjoining  the  Erie  Canal  in  the  State  of  New  York,  Albany, 
1824;  Henry,  Trans.  Albany  Inst.,  I,  1830,  87-112;  Natural  History  of  New  York, 
Geology,  Parti,  Mather;  Part  II,  Einmons;  Part  III,  Vanuxem;  Part  IV,  Hall. 
1842-3;  Emmons,  Natural  History  of  New  York,  Agriculture;  Vols.  I-IV,  1846-1851; 
New  York  State  Museum,  Report  47,  1894,  Albany. 
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highland  and  lowland  areas  capable  of  considerable  sub- 
division. There  is,  first,  the  sandy  lowland  of  Long 
Island,  barely  separated  from  the  mainland,  yet  quite  dis- 
tinct from  it  in  its  general  features  of  outline  and  in  its 
rock  structure.  The  highest  elevation  is  about  380  feet, 
and  the  plains  average  only  about  70  feet  above  sea  level.1 
It  is  really  a  northward  extension  of  the  coastal  province 
of  New  Jersey;  but  its  surface  is  decidedly  modified  by 
deposits  of  glacial  drift.2 

GNEISSIC  HIGHLAND  PROVINCE  (Fig.  4). — Passing  to  the 
mainland,  there  commences  a  province  of  complex  struc- 
ture, and  one  in  which,  in  the  main  and  most  typical  part 
of  the  province,  the  rocks  are,  for  the  most  part,  very 
much  folded  and  disturbed  metamorphic  strata  of  ancient 
date.  These  rocks  form  an  extension  of  the  Highlands  of 
New  Jersey,3  which  reach  across  the  southern  angle  of 
New  York,  extend  northward,  and  enter  Connecticut. 
Besides  these  ancient  gneisses,  there  is  some  sandstone4 
and  a  black  diabase,  or  trap,  which  forms  the  Palisades,5 
besides  extensive  layers  of  limestone,  gneiss  and  schist, 
which  extend  across  the  region  occupied  by  the  city  of 
New  York.6  This  whole  series  of  strata,  with  the  excep- 
tion of  the  sandstone  and  traps,  is  intricately  folded. 

Excepting  at  the  very  seashore,  this  province  is  a 
moderate  highland,  with  rather  rough  topography  and  with 


!Amer.  Journ.  Sci.,  XIII,  1877,  235. 

^Upham,  Amer.  Journ.  Sci.,  XVIII,  1879,  81-92;  197-209;  Mather,  Geology  of  New 
York,  Part  I,  1843,  161;  248-278. 

3  Chiefly  described  in  New  Jersey  Geological  Survey  Reports ;  also  Pierce,  Amer. 
Journ.  Sci.,  II,  1820,  181-199;  same,  V,  1822,  26-33;  Eaton,  same,  V,  1822,  231-235; 
Shepard,  same,  XXI,  1832,  321-334. 

*  Mather,  Geology  of  New  York,  Part  I,  1843,  285-294;  Russell,  Annals  New  York 
Acad.  Sci.,  I,  1879,  220-254;  Russell,  Bull.  85,  U.  S.  Geol.  Survey,  1892. 

5 Mather,  Geology  of  New  York,  Part  I,  1843  278-285;  465-487;  534-541;  Wurtz, 
Proc.  New  York  Lyceum  Nat.  Hist.,  I,  1870,  99-105;  Darton,  Bulletin  67,  U.  S.  Geol. 
Survey,  1890;  New  Jersey  Reports,  especially  Kummel,  Annual  Report  for  1897, 
23-149. 

e  Mather,  Geology  of  New  York,  Part  I,  1843,  441-464;  525-534;  Gale,  same,  581-604; 
Britton,  Annals  New  York  Acad.  Sci.,  II,  1882,  161-184;  Transactions  of  same,  VI, 
1886,  12-18;  also  references  for  Taconic  Province  (p.  4);  Kemp,  Trans.  New  York 
Acad.  Sci.,  VII,  1887,  49-64. 
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hills  rising  in  some  places  to  an  elevation  of  1,000  or 
1,200  feet  above  sea  level.  Where  there  is  limestone  or 
sandstone  in  this  area,  there  is  usually  a  lowland,  while 
away  from  the  seashore,  highlands  occur  wherever  the  hard 
gneiss  comes  to  the  surface.  This  is  extremely  well  illus- 
trated in  Rockland  County,  where  the  gneissic  Ramapo 
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FIG.  1.     Relief  map  of  the  Middle  Atlantic  States,  to  show  the 
physiographic  position  of  >lew  York. 

Mountains  are  faced  at  their  southeastern  base  by  a  low- 
land, a  somewhat  rolling  plain,  which,  however,  is  bounded 
by  another  highland  on  its  eastern  margin  where  the  trap 
of  the  Palisades  (Fig.  20)  rises  close  by  the  Hudson  River. 
At  many  points  near  the  eastern  boundary  of  this  high- 
land region  the  Ramapo  Mountains  rise  to  a  height  of 
1,100  or  1,200  feet  above  sea  level,  while  the  average 
elevation  of  the  hills  on  the  sandstone  plain  at  its  base 
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is  not  more  than  one -half  this.  The  highlands  of  the 
Palisades  in  some  places  rise  to  700  or  800  feet  above 
the  sea. 

It  would  be  possible  to  subdivide  this  province;  and 
indeed  it  would  be  necessary  to  do  so  if  we  were  to  ex- 
tend our  examination  of  the  surface  into  minute  details. 
There  are:  (1)  The  low  hills  and  highlands  of  the  im- 
mediate coast,  including  all  of  New  York  County  and  a 
part  of  Westchester  County;  (2)  the  Palisade  range  of 
trap  rock;  and  (3)  the  small  angle  of  Triassic  sandstone 
which  extends  from  New  Jersey  into  New  York  as  a 
wedge-shaped  area  of  undulating  plain — a  low,  hilly  prov- 
ince occupying  the  apex  of  the  angle  between  the  Palisades 
and  the  gueissic  highlands.  West  of  this  is:  (4)  the 
gneissic  highland  proper  in  western  Rockland,  eastern 
Orange  and  a  large  part  of  Putnam  counties.  This  fourth 
portion  of  the  province  forms  the  western  member  of  the 
general  highland  area.  The  Hudson  River  crosses  it,  cut- 
ting the  strata  diagonally  and  thus  trenching  the  highland 
area  throughout  its  width.  The  axes  of  the  folds  in  this 
region  are  almost  uniformly  northeast  and  southwest,  and 
the  folding  has  been  extremely  complex. 

TACONIC  PROVINCE1  (Fig.  4). — West  of  the  gneissic  high- 
land is  a  much  lower  area  of  folded  rock.  It  extends  as 
a  broad  valley  northward  from  Pennsylvania,  across  New 
Jersey,  and  into  Orange  County,  New  York;  then,  crossing 
the  Hudson,  it  extends  along  the  state  boundary  into  the 


1  The  Taconic  area  has  served  as  the  basis  for  an  extremely  prolonged  controversy. 
The  reports  of  the  Geological  Surveys  of  Vermont,  Massachusetts  and  Connecticut 
contain  facts  upon  this  province.  Besides  these,  reference  may  be  made  to  the  fol- 
lowing: Dewey,  Amer.  Journ.  Sci.,  II,  1820,  246-249;  Barnes,  Amer.  Journ.  Sci.,  V, 
1822,  8-21;  Dewey,  Amer.  Journ.  Sci.,  VIII,  1824,  1-60;  240-244;  Emmons,  Geology 
of  New  York,  Part  II,  1842,  135-164;  Mather,  Geology  of  New  York,  Part  I,  1843, 
366-438;  Dana,  Amer.  Journ.  Sci.,  XIV,  1877,  37-48;  132-140;  202-7;  257-64;  XVII, 
1879,  375-388;  XVIII,  1879,  61-64;  XIX,  1880,  153-155  (contains  a  Bibliography); 
191-200;  236-237;  XX,  1880,  21-32;  194-220;  359-375;  450-456;  XXI,  1881,  425-443; 

XXII,  1881,    103-119;    313-315;    327-335;    Dwight,    Amer.    Journ.    Sci.,    XVII,    1879, 
389-92;  XIX,  1880,  50-54;  451-453;  XXI,  1881,  78-79;  Dale,  Amer.  Journ.  Sci.,  XVII, 
1879,  57-59;  Ford,  Amer.  Journ.  Sci.,  XIX,  1880,  225-226;    Dale,  Thirteenth  Annual 
Kept.  U.  S.    Geol.    Survey,    1893,    291-340;    Pumpelly,    Wolff    and    Dale,    Monograph 

XXIII,  U.  S.  Geol.  Survey,  1894,  Washington,  D.  C. 
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States  of  Connecticut,  Massachusetts  and  Vermont.  The 
rocks  are  mostly  shales,  slates,  schists  and  limestones; 
but  in  the  northern  portion  some  of  the  strata  are  dur- 
able quartzite  and  even  gneiss.  While  in  the  southern 
portion  the  topography  is  that  of  a  valley,  in  the  north- 
ern part  this  province  becomes  transformed  into  a  re- 
gion of  highlands,  and  indeed  of  real  mountains.  This 
is  true  of  the  Taconic  range,  on  the  boundary  be- 
tween Massachusetts  and  Rensselaer  County,  which  in 
places  rises  to  an  elevation  of  more  than  2,800  feet  above 
sea- level.  This  same  system  of  folding  crosses  Vermont 
to  Canada. 

Throughout  its  entire  extent  the  rocks  of  this  province 
are  folded,  and  the  topography  hilly  (Fig.  13) ;  but  in  the 
southern  part  it  is  a  broad,  gently  undulating  valley 
between  two  highlands,  for  its  rocks  are  softer  and  more 
easily  denuded  than  those  forming  its  boundaries.  Towards 
the  northeast,  near  Massachusetts  and  Vermont,  meta- 
morphism  has  altered  the  strata  until  they  are  harder  than 
the  surrounding  rocks;  and  hence  they  form  true  moun- 
tains, sloping  on  the  one  side  toward  the  valley  of  the 
Hudson,  and  on  the  other  toward  the  Connecticut.  After 
passing  the  latitude  of  the  boundary  between  Vermont  and 
Massachusetts,  this  province  is  almost  entirely  within  the 
State  of  Vermont;  for  the  Lake  Champlain  depression 
marks  its  western  boundary.  From  Glens  Falls  south- 
ward to  Catskill,  the  Hudson  may  be  considered  as  the 
approximate  western  boundary  of  this  area;  but  south  of 
Catskill  the  Hudson  turns  away  from  the  boundary,  enters 
the  area  and  crosses  it,  then  enters  and  extends  across 
the  gneissic  highlands.  While  the  rocks  in  the  northern 
Taconic  area  are  so  metamorphosed  that  it  is  often  im- 
possible to  determine  their  original  condition,  toward  the 
south  they  become  less  and  less  changed;  and  there  (as 
well  as  in  a  few  places  to  the  north)  we  are  able  to  see 
that  they  belong  to  the  Cambrian  and  Lower  Silurian 
periods.  On  page  24  it  is  shown  that  the  rocks  of  this 
area  were  all  folded  at  one  time;  and  hence  the  area  may 


Physiographic   Provinces  7 

properly  be    separated   from    the    complex   gneissic    prov- 


ince.1 


CATSKILL  PROVINCE2  (Fig.  4). — The  folded  rocks  of  the 
Appalachians  (Fig.  1)  enter  New  York  in  western  Orange 
and  eastern  Sullivan  counties;  and  in  that  region  the 
folds  have  determined  a  series  of  ridges  which  make  that 
part  of  the  State  a  truly  mountainous  section,  notably  in 
Shawangunk  Mountain  (Fig.  17),  where  a  tilted  conglom- 
erate rock  caps  the  ridge.3 

North  and  west  of  the  mountainous  section  the  folds 
gradually  disappear  and  the  province  changes  to  its  typical 
condition  of  a  plateau.  There  the  rocks  are  Devonian  sand- 
stones, conglomerates,  shales,  and  limestones,  the  first  two 
capping  the  plateau.  These  durable  sandstones  and  con- 
glomerates are  so  carved  by  denudation  (Fig.  23)  that  the 
plateau  region,  in  which  some  of  the  peaks  are  more  than 
3,500  feet,  and  one  even  4,205  feet  above  the  sea-level,  is 
commonly  known  by  the  name  of  Catskill  Mountains.  The 
western  boundary  of  the  Catskill  province  is  not  easily 
drawn  with  definiteness ;  but  the  eastern  boundary  is 
marked  by  a  fairly  continuous  highland  overlooking  the 
lower  region  of  the  Taconic  province,  and  the  northern 


1  Some  may  question  the  value  of  a  separation  of  these  eastern  folded  sections 
into  two  provinces;  and,  so  far  as  New  York  is  concerned,  the  division  may  not  be 
warranted.  Really  the  folding  of  the  Taconic  rocks  involved  the  more  ancient  gneissic 
highlands  also,  and  the  rocks  of  Westchester  County  are  mostly  of  Taconic  age.  The 
true  Taconic  province  therefore  divides  in  Putnam  County,  one  portion  passing 
southwards  into  Westchester  County  (see  articles  by  Dana  referred  to  on  p.  4.  See 
also  Prosser,  Trans.  New  York  Acad.  Sci.  XI,  1892,  132-149).  One  might  therefore 
speak  of  the  whole  eastern  margin  of  the  State,  exclusive  of  Long  Island,  as  the 
Tacouic  area,  which  extends  eastward  at  least  as  far  as  the  Connecticut.  This 
could  then  be  subdivided  into  (1)  the  eastern,  Westchester  County  Taconic,  (2)  the 
Palisade  range,  (3)  the  Triassic  sandstone,  (4)  the  Archean  Highlands,  and  (5)  the 
main  Taconic  area,  mountainous  in  the  north  and  lowland  in  the  south. 

-  Dwight,  Amer.  Journ.  Sci.  II,  1820,  11-29;  Barton,  Amer.  Journ.  Sci.  IV,  1822, 
249-251;  Pierce,  Amer.  Journ.  Sci.  VI,  1823,  8G-97:  Vanuxem,  Geology  of  New  York, 
Part  III,  1842,  18C-194;  Mather,  Geology  of  New  York,  Part  I,  1843,  299-31G;  Hall, 
Proc.  Amer.  Assoc.  Adv.  Sci.  XXIV,  1875,  Part  2,  80-84;  Guyot,  Amer.  Journ.  Sci. 
XIX,  1880,  429-451;  Julien,  Trans.  New  York  Acad.  Sci.  I,  1881,  24-27;  Newberry, 
same,  28-31;  Darton,  Report  47,  New  York  State  Museum,  1894,  485-560. 

3  See  Mather,  Geology  of  New  York,  1st  District,  1843,  355-7;  Darton,  Nat. 
Gecg.  Mag.,  VI,  1894,  23-34;  New  York  State  Museum  Report  47,  1894,  485-566. 
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by  the   strongly  developed   Helderberg   escarpment1    (see 
pages  9  and  59). 

This  province  might  also  be  subdivided.  It  is  the  only 
mountainous  portion  of  the  State  in  which  the  strata  are 
of  later  age  than  the  Lower  Silurian.  It  might  be  divided 
into  (1)  the  folded,  southeastern  portion  and  (2)  the 
deeply  dissected  Catskill  plateau  area. 

NEW  YORK -PENNSYLVANIA  PLATEAU  PROVINCE  2  (Fig.  4). — 
West  of  this,  and  occupying  fully  one -third  of  the  State, 
is  a  great  plateau  region  (Figs.  41,  87  and  96),  deeply  dis- 
sected by  numerous  broad  river  valleys.  It  is  made 
entirely  of  Devonian  rocks,  mostly  upper  Devonian  shales 
and  sandstones,  in  which,  however,  there  are  some  strata 
of  limestone.  The  strata  of  this  province  are  in  a  nearly 
horizontal  position,3  which  determines  the  extensive  plateau 
character  of  the  province,  a  feature  which  extends  south- 
ward, across  the  Pennsylvania  line,  along  the  western  base 
of  the  Appalachians.  Throughout  the  New  York  section 
of  the  plateau,  the  hilltops  frequently  rise  to  elevations 
of  1,500  to  2,000  feet,  and  their  average  elevation  above 
sea -level  cannot  be  less  than  1,000  to  1,200  feet.  From 
the  valleys  the  region  does  not  resemble  a  plateau,  but 
rather  a  mountainous  country;  for  the  hills  often  rise  to 
heights  of  1,000  to  1,200  feet  above  the  low  valleys  (Fig. 
41).  But  from  the  tops  of  the  hills,  one  is  able  to  see 
that  it  is  really  a  plateau  region  very  much  cut  by  stream 
action,  and  carved  by  denudation,  into  a  maze  of  hills, 
many  of  which  are  capped  by  the  harder  layers  of  the 
nearly  horizontal  strata. 

Considered  as  one  great,  dissected  plateau,  its  surface 
undulates  somewhat.  Where  the  branches  of  the  Susque- 
hanna  head  against  the  headwaters  of  the  Finger  Lake 


1  An  escarpment  is  a  steep  slope  separating  two  more  level  areas.  It  is  usually 
caused  by  a  hard  layer  of  rock  in  approximately  horizontal  position. 

2 Mather,  Geology  of  New  York,  Part  I,  1843,  317-365;  Hall,  same,  Part  II,  1843; 
also  Williams,  Bull.  80,  U.  S.  Geol.  Survey,  1891,  Washiagton. 

•"There  are  some  gentle  folds  and  faults.  See  Hall,  Geology  of  New  York,  Part 
IV,  1843,  163;  213;  Williams,  Proc.  Amer.  Assoc.  Adv.  Sci.  XXXI,  1882,  412. 
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streams,  the  plateau  level  is  somewhat  depressed.1  It 
sags  in  the  middle  (Fig.  2),  being  higher  near  the  western 
base  of  the  Catskills  and  lower  in  the  Finger  Lake  region; 
then,  rising  again,  it  reaches  a  high  elevation  in  Cat- 
taraugus  County,  in  western  New  York.  Beyond  this,  in 
Chantauqua  County,  and  westward  in  Pennsylvania,  the 
plateau  level  again  descends.  Excepting  near  the  Catskills, 
the  highest  portions  of  this  plateau  are  in  Cattaraugus 
and  Allegany  counties  in  New  York,  and  the  adjoining 
counties  of  McKean  and  Potter  in  Pennsylvania. 

On  its  northern  face  the  plateau  ends  in  an  escarp- 
ment, which,  though  irregular  and  somewhat  serrated,  is 
commonly  quite  pronounced.  Its  position  in  the  east  is 
determined  by  the  hard  Helderberg  limestone  (Fig.  24)  ;2 
but  in  the  extreme  west  it  is  located  where  hard  shales 
overlie  lower  fragile  beds,  though  its  position  is  possibly 
determined  by  a  bed  of  conglomerate  now  almost  com- 
pletely removed  (see  p.  97).  Along  the  Erie  shore,  near 
the  boundary  between  New  York  and  Pennsylvania,  the 
escarpment  is  about  two  or  three  miles  from  the  lake; 
but  toward  the  east,  the  escarpment  recedes  from  the 
lake.  In  some  cases  the  slope  is  very  abrupt,  and  in 
Chautauqua  County  it  ascends  to  a  height  of  500  feet  in 
a  very  short  distance.  The  escarpment  is  less  distinct 
in  Erie  County,  but  becomes  more  pronounced  toward  the 
east,  in  Seneca  and  Cayuga  counties,  while  still  further 
east  it  becomes  sufficiently  high  to  form  the  "Helderberg 
Mountains."  Therefore,  for  some  distance,  the  northern 
boundary  of  the  Plateau  province,  as  well  as  that  of  the 
Catskill  region  (p.  8),  is  a  single  deposit  of  limestone,  which 
forms  an  escarpment  in  some  places  rising  a  thousand  feet 
above  the  lower  plain. 

LAKE  SHORE  PLAINS  PROVINCE.3— At  the  base  of  the  escarp- 
mont,  north  of  the  plateau,  lies  a  plain.  In  the  west,  along 

1  See  Lincoln,  Araer.  Journ.  Sci.  XLIV,  1892,  290. 

2Vanuxem,  Geology  of  New  York,  Part  III,  1842,  24;  Darton,  Report  47,  New 
York  State  Museum,  1894,  394-396;  427-428. 

:i  Hayes,  Amer.  Journ.  Sci.  XXXI,  1837,  241-247;  Vamixem,  Geology  of  New  York. 
Part  III,  1842,  various  pages;  Hall,  Geology  of  New  York,  Part  IV,  1843,  various 
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the  Erie  shore,  the  escarpment  is  bounded  at  its  base  by 
a  very  narrow  strip  of  plain,  which  gradually  descends 
below  the  lake  level.  This  plain  widens  toward  the  east, 
extending  from  the  escarpment  south  of  Buffalo  northward 
to  Lewiston  and  Lockport.  The  Niagara  River,  from  Lake 
Erie  to  the  Falls  (Figs.  140  and  141),  crosses  on  the  surface 
of  this  plain;  then,  dropping  over  the  Falls  (Figs.  148  and 
151),  the  river  courses  along  in  a  gorge  which  has  been 
cut  into  the  plain  (Fig.  146). l  Here  and  elsewhere  we 
find  that  the  strata  are  horizontal.2  This  plain  crosses 
the  Niagara  River  into  Canada,3  and  indeed  extends 
beneath  the  waters  of  Lake  Erie;  for  the  bottom  of  the 
lake  is  really  only  a  part  of  the  plain. 

Along  the  western  shore  of  Lake  Ontario,  the  plain 
just  described  is  terminated  on  the  northern  margin  by  a 
rather  abrupt  escarpment,  sometimes  two  or  three  hun- 
dred feet  in  height  (Figs.  145  and  159).  This  has  its  posi- 
tion determined  by  the  very  durable  stratum  of  Niagara 
limestone,  upon  which  the  Falls  are  now  situated,  and  by 
which  their  height  and  position  are  determined.  In  the 
east  the  escarpment  gradually  disappears  and  the  two 
plains  merge  into  one.  The  two  plains  may  be  well  seen 
from  the  heights  at  Queenstown  and  Lewiston  (called 
"The  Mountain")  on  the  Niagara  River.  There,  stretch- 
ing eastward  toward  Lockport,  and  westward  into  the 
Province  of  Ontario,  is  the  Niagara  escarpment;  south  of 
this,  toward  Buffalo,  is  the  nearly  level  upland  plain 
(Figs.  141  and  144),  the  Erie  plain;  and  northward,  stretch- 
ing from  the  very  base  of  the  bluff,  is  another  remarkably 
level  plain,  which,  since  it  extends  along  the  shores  of 
Ontario,  may  be  called  the  Ontario  plain  (Fig.  45).  Its 
width  varies  from  4  to  9  miles.  Beyond  this,  to  the  north, 
the  level  descends  rapidly  beneath  the  lake  waters;  and 
ten  miles  from  the  shore,  the  depth  is  500-600  feet.  In 


1  For  a  geological  section  from  well-borings  in  this  plain,  see  Asbburner,  Amer. 
Inst.  Mining  Eng.,  VII,  1888-89,  398-406. 

2  In  a   few  places   local    folding  is  detected.     See    Hall,  Geology  of   New   York, 
Part  IV,  1843,  295-298;   Gilbert,  Proc.  Amer.  Assoc.  Adv.  Science,  XL,  1891,  249-250. 

3  See  Hunt,  Amer.  Journ.  Sci.,  XLVT,  1868,  355-362. 
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the  east  these  lake  plains  become  more  hilly,  and,  as  a  dis- 
tinctive province,  disappear  at  about  the  longitude  of  the 
eastern  end  of  Lake  Ontario.  Northward  from  this  the 
plains  merge  into  a  series  of  hills  which  face  the  western 
base  of  the  Adirondacks ;  and  eastward  they  extend  into  the 
valley  of  the  Mohawk,  the  next  province  to  be  considered. 

MOHAWK  VALLEY  PROVINCE  (Fig.  4).1--East  of  Oneida 
Lake  and  Rome,  there  is  a  good- sized  valley  between  the 
Adirondack  Mountains  on  the  north  and  the  Plateau  and 
Catskill  provinces  on  the  south.  It  is  a  broad,  well- 
developed  valley,  irregular  and  hilly,  and  cut  out  of  shales 
and  limestones  for  the  most  part,  though  in  one  or  two 
places  the  river  has  cut  down  into  gneiss.  While  com- 
monly horizontal,  the  rocks  of  this  district  are  disturbed 
in  a  number  of  places,  particularly  on  the  northern 
boundary,  where  they  merge  into  the  Adirondack  province. 
It  is  in  such  places,  as  at  Little  Falls,  that  the  river, 
cutting  across  an  uplifted  portion,  has  reached  down  to  the 
gneiss  which  probably  underlies  a  large  part  of  the  valley 
as  a  subterranean  continuation  of  the  Adirondack  region. 

This  province  is  the  least  characteristic  of  all  that  are 
named.  Its  boundaries  are  often  indistinct,  merging  im- 
perceptibly into  the  neighboring  provinces;  but  there  are 
parts  of  the  valley  which  are  distinctly  separated  from  either 
of  the  bounding  areas;  and  hence,  for  the  sake  of  denning 
the  topographical  features,  it  may  be  classed  as  a  separate 
province.  On  the  east  the  Hudson  River  forms  the  natural 
boundary,  and  on  the  south,  the  Helderberg  escarpment. 

ADIRONDACK  PROVINCE  (Fig.  4).2--This,  which  is  nearly 
as  large  as  the  Plateau  province,  is  second  in  size  among 

iVanuxem,  Geology  of  New  York,  Part  III,  1842,  20-21;  203-211;  Barton, 
Report  47,  New  York  State  Museum,  1894,  603-623. 

-Steele,  Amer.  Journ.  Sci.  IX,  1825,  1-4;  Finch,  Amer.  Journ.  Sci.  XIX,  IM'.I, 
220-228;  Redfield,  Amer.  Journ.  Sci.  XXXIII,  1838,  301-323;  Emmons,  Geology  of 
New  York,  Part  II,  1842,  various  pages;  Vanuxem,  Geology  of  New  York,  Part  III, 
1842,  various  pages;  Guyot,  Amer.  Journ.  Sci.  XXXI,  1801,  157-187;  Kemp,  Trans. 
New  York  Acad.  Sci.  XII,  1892,  19-24  (Bibliography);  Van  Rise,  Bulletin  80,  U.  S. 
Geol.  Survey,  1892;  Smyth,  Trans.  New  York  Acad.  Sci.  XII,  1892,  97-108; 
Import  47,  New  York  State  Musi-urn,  Ih94:  Kemp,  025-666;  Cashing,  007-083;  Smyth, 
085-709;  Smyth,  Appalachia,  IX,  1899. 
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the  several  divisions  proposed.  It  is  a  nearly  circular 
area  of  metamorphic  and  igneous  rocks,  mainly  gneisses, 
granites,  gabbros,  norites  and  other  plutonic  or  very  much 
metamorphosed  rocks.  This  area  of  crystalline  rocks  is 
surrounded  by  a  collar  of  sedimentary  strata  of  Lower 
Silurian  and  Cambrian  age  (Fig.  5),  which,  though  not  so 
much  metamorphosed,  nor  so  greatly  disturbed  in  position, 
are  nevertheless  to  be  considered  a  part  of  the  Adiron- 
dack province.  In  this  area,  therefore,  is  included  the 
lower,  hilly  land  which  borders  the  St.  Lawrence  and  the 
western  base  of  the  Adirondacks  along  the  Ontario  shore, 
as  well  as  the  hilly  section  on  the  southern  boundary  and 
that  along  the  shores  of  Lakes  George  and  Champlain. 
The  central  and  typical  part  of  the  province  consists 
of  a  series  of  grand  mountain  masses,  usually  with  flow- 
ing outlines  (Figs.  6  and  8),  and  rising  in  several 
places  to  a  height  of  over  5,000  feet,  while  Mt.  Marcy,1 
the  highest  peak,  reaches  an  elevation  of  5,379  feet  above 
sea -level.  The  east  central  portion  is  a  central  divide 
region,  from  which  the  streams  radiate  outward  in  all 
directions.  In  their  course  they  are  often  very  much  dis- 
turbed by  glacial  deposits,  and  hence  lakes  are  extremely 
abundant  in  these  mountains.2 

SUMMARY  STATEMENT  OF  GEOGRAPHIC  PROVINCES  (Fig.  4) . — 
Thus  New  York  may  be  divided  into  eight  provinces, 
every  one  of  which,  except  the  last  two,  is  only  partially 
in  this  State.  These  are: 

(1)  The  Long  Island  area,  which  is  the  northeastward 
continuation  of  the  Tertiary  and  Cretaceous  plains  of  New 
Jersey,  and  is  composed  of  soft  rocks  covered  by  thick 
deposits  of  glacial  drift.  (2)  The  Gneissic  Highland  prov- 
ince, which  typically  is  made  of  highly  metamorphosed 
rocks,  folded  into  complex  positions  and  with  a  general 
northeast  and  southwest  strike.  This  may  be  subdivided 
into  (a)  the  low  hilly  coastal  portion;  (&)  the  Palisade 

1  See  Emmons,  Geology  of  New  York,  Part  II,  1842,  218;  Colvin,  Trans.  Albany 
Inst.  IX,  1879,  11-20. 

2Emmons,  Geology  of  New  York,  Part  II,  1842,  171;  213-214;  415-416;  422-427. 
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range;  (c)  the  Triassic  sandstone  plains;  (d)  the  true 
Gneissic  Highlands,  each  of  which  extends  from  New 
Jersey  into  New  York,  while  the  areas  of  metamorphic 
rock  extend  northeastward  into  New  England.  East  of 
this  is  (3)  the  Taconic  province,  a  region  of  shales,  slates, 
schists,  limestones,  etc.,  forming  a  valley  in  the  southern 
part,  but  rising  in  the  form  of  true  mountains  in  the 
northern  more  highly  metamorphosed  portion.  This  prov- 
ince also  crosses  the  southern  part  of  the  State,  entering 
it  from  New  Jersey  and  passing  into  Connecticut,  Mas- 
sachusetts and  Vermont.  Further  west  is  (4)  the  Cats- 
kill  province,  which  is  the  northeastern  extension  of 
the  Appalachian  folds  and  of  the  Appalachian  plateau 
which  skirts  the  western  base  of  these  mountains.  While 
in  some  places  the  rocks  are  tilted,  in  others  they  are 
nearly  horizontal,  in  each  case  being  sandstones,  con- 
glomerates, limestones  and  shales.  This  province  is 
bounded  on  the  north  by  the  Mohawk  Valley  area  and  on 
the  west  by  (5)  the  New  York  and  Pennsylvania  Plateau 
province,  into  which  it  gradually  and  imperceptibly  merges. 
In  the  plateau  region  the  rocks  are  all  Devonian,  and 
mostly  upper  Devonian,  while  their  position  is  horizontal 
or  nearly  so.  This  is  faced  on  the  north  by  an  escarp- 
ment, at  the  base  of  which  lies  the  (6)  Lake  Shore  Plains 
province,  in  which  the  rocks  are  also  horizontal;  but, 
instead  of  being  a  deeply  dissected  plateau,  the  plain  is 
remarkably  level,  rising  to  no  great  height  above  the  sur- 
face of  the  lakes.  In  the  west  this  province  is  double, 
consisting  really  of  two  plains  separated  by  the  Niagara 
escarpment;  but  in  the  east  it  becomes  less  level,  where 
the  two  plains  unite  to  form  one  by  the  disappearance  of 
the  escarpment.  This  then  becomes  more  and  more  hilly 
toward  the  east  and  finally  disappears  in  (7)  the  Mohawk 
Valley  province,  which  is  a  hilly  valley  region,  set 
between  the  Catskills  and  the  great  Plateau  province  on 
the  one  side  and  (8)  the  Adirondack  province  on  the 
other.  The  latter  province  is  the  most  mountainous  as 
well  as  the  highest  portion  of  the  State.  It  is  essentially 
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a  New  York  province,  although  a  very  small  part  of  its 
northern  border  extends  into  Canada. 

The  most  typical  provinces  are  the  Adirondack  and  the 
Plateau  areas.  Omitting  Long  Island,  one  might  with 
simplicity  divide  the  State  into  but  four  provinces:  (1)  the 
Eastern  folded  region,  extending  from  the  Sound  to  the 
base  of  the  Catskills;  (2)  the  New  York -Pennsylvania 
Plateau  province,  including  the  Catskills  proper;  (3)  the 
Lake  Shore  Plains;  (4)  the  Adirondacks,  using  the  Mohawk 
River  as  a  boundary  line  between  the  second  and  fourth 
provinces.  We  then  have  two  areas  of  folded  and  contorted 
rocks  (1  and  4),  occupying  rather  more  than  one -third  of 
the  State,  and  two  areas  (2  and  3)  of  nearly  horizontal 
strata.  In  the  higher  folded  parts  the  rock  structure  is 
complex,  the  topography  quite  irregular,  and  the  scenery  is 
beautiful,  particularly  in  the  Adirondack  portion.  In  the 
two  areas  of  nearly  horizontal  strata,  the  scenery  is  usually 
less  varied,  though  sometimes  mountainous,  notably  in  the 
Catskills  and  in  Cattaraugus  County.  With  decrease  in 
ruggedness,  the  value  of  the  land  for  agricultural  purposes 
increases;  and  so  the  best  of  the  agricultural  land  is 
situated  on  the  plateaus  and  plains,  particularly  in  the 
lower  and  more  level  lands  near  the  lakes. 


DRAINAGE    OF    THE    STATE 

LAKES. — The  drainage  of  the  State  is  greatly  interrupted 
by  lakes,  some  of  which  present  very  interesting  and  even 
remarkable  features.  The  lakes  vary  in  size  from  Ontario, 
whose  greatest  length  is  190  miles  with  a  width  of  55 
miles,  to  tiny  ponds;  and  they  vary  in  depth  from  mere 
shallow  pools  to  Ontario,  which  in  one  place  reaches  a 
depth  of  491  feet  below  sea -level.1  There  are  various 
types  of  lakes  (Chapter  VI) ;  but  the  prevailing  feature 
throughout  the  State  is  the  linear  form,  so  typically  illus- 


1  Being  738  feet  deep  and  the  surface  being  247  feet  above  sea-level. 
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trated  in  the  group  of  Fiiiger  Lakes1  which  occupy  the 
central  depressed  portion  of  the  great  Plateau  province, 
though  not  less  so  in  Lakes  Chautauqua,  George,  Chain- 
plain,  and  many  of  the  Adirondack  lakes.  For  the  most 
part  these  lakes  are  plainly  river  valleys  in  which  water 
has  been  made  to  collect  because  of  their  local  trans- 
formation to  basins. 

While  the  lakes  of  the  State  are  well  scattered  over  its 
entire  area,  they  are,  excluding  Lakes  Erie  and  Ontario, 
bunched  with  especial  abundance  in  three  parts  of  the 
State,  namely,  (1)  the  Finger  Lake  region  of  the  Central 
Plateau,  (2)  the  Adirondacks  and  (3)  the  mountainous  and 
hilly  southeastern  part  of  the  State,  including  the  Catskills. 
In  these  areas,  and  particularly  in  the  Adirondacks,  lakes 
are  present  in  great  numbers.  Among  the  Adirondacks 
alone,  there  are  many  hundreds,  great  and  small,  besides 
a  large  number  that  have  been  filled  and  changed  to 
swamps  and  meadows. 

THE  ST.  LAWRENCE. —  The  water  that  falls  within  the 
boundaries  of  New  York  passes  outwards  in  all  directions.2 
Not  far  from  one -half  of  the  State,  and  more  than  one- 
half  of  the  Adirondacks,  is  drained  through  the  St. 
Lawrence  River.  The  divide  between  the  St.  Lawrence 
and  the  rivers  that  drain  southward  passes  irregularly 
from  northeastern  to  western  New  York,  passing  out  of 
the  State  in  only  one  place,  namely,  in  the  middle  western 
portion,  where  the  Genesee  rises  in  Pennsylvania.  The 
part  of  the  State  that  drains  into  the  St.  Lawrence  system 
sends  its  waters  to  that  river  through  numerous  streams, 
most  of  which  are  very  small.  There  are  many  hundreds 
of  these  that  enter  the  Great  Lakes,  Lake  Champlain,  or 
the  St.  Lawrence  directly.  The  only  two  that  are  of  large 
sixo  are  the  Genesee,  which  rises  in  Pennsylvania,  and  flows 


1  Yannzem,  Geology  of  New  York,  Part  III,  1SI2,  2H7-24L';  Hall.  Same,  Part  IV, 
184.'!,  '.',-2\;  405-408;  Lincoln.  Ainer.  Journ.  Sri.  XLIV,  Ih'.rj.  •_'!)(>-::<)  1  :  Britain. 
Bull.,  Amor.  (J.-o-rapli.  So.-.  XXV,  is'.c:.  Hi;  Tarr,  Bull,  (i.-ol.  So.-.  Am<-r.  V. 
339-356. 

2Ballou,  Amor.  Nat.,   XIV,   1880,   139-140. 
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northward,  entering  Ontario  near  Rochester,  and  the 
Oswego,  which  carries  the  waters  of  the  Finger  Lakes  of 
central  New  York.  The  irregular  divide  between  the  St. 
Lawrence  and  the  southern  drainage  is  sometimes  far 
from  the  St.  Lawrence  or  from  the  Lakes;  but  in  one 
place,  in  Chautauqua  County,  in  western  New  York,  it  is 
within  sight  of  Lake  Erie  and  at  a  distance  of  not  more 
than  ten  miles  from  the  lake  shore. 

Not  only  are  the  tributaries  of  the  St.  Lawrence  system 
frequently  interrupted  by  lakes,  but  the  main  stream  itself 
has  the  same  features  even  more  markedly  developed. 
The  main  valley  includes  a  series  of  lakes,  the  Great 
Lakes,  of  which  two,  Erie  and  Ontario,  are  partly  within 
the  boundaries  of  New  York.  In  the  case  of  Ontario  the 
valley  is  transformed  to  a  lake  for  a  distance  of  about  190 
miles,  with  an  average  breadth  of  not  far  from  40  miles. 
Connecting  Lakes  Erie  and  Ontario  is  the  Niagara  River, 
with  its  wonderful  falls  and  gorge  (Chapter  IX).  At  the 
other  end  of  Ontario,  the  waters  emerge  through  a  region 
almost  as  remarkable  as  the  gorge  through  which  they 
enter  it.  The  lake  gradually  merges  into  a  river,  its 
channel  being  clogged  and  dotted  by  scores  of  islands 
(Fig.  165).  The  outlet  of  Ontario  is  at  first  a  great  bay, 
gradually  becoming  a  river  only  after  passing  over  a 
distance  of  many  miles,  in  the  course  of  which  it  divides 
and  ramifies  between  low  rock  hills,  causing  the  Thousand 
Islands.1 

THE  HUDSON. — Next  in  area  is  the  Hudson  drainage, 
including  its  single  great  tributary,  the  Mohawk,  which 
enters  from  the  west.  The  eastern  divide  of  this  river 
system  is  very  nearly  the  boundary  between  New  York 
and  New  England,  now  entering  these  border  States,  again 
entering  New  York.  A  portion  of  the  Catskills  and  the 
Adirondacks  drain  into  the  Hudson.  This  is  the  single 
large  stream  which  is  really  a  New  York  river.  Unlike  any 
other,  it  rises  in  the  State,  flows  entirely  within  its  area 


Bigsby,  Phil.  Mag.,  Ser.  IV,  Vol.  V,  1829,  1-15;  81-87;  263-274;  339-347;  424-43-1. 
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and  enters  the  sea  within  the  State  boundaries.  With  the 
exception  of  a  very  little  water  received  from  the  border- 
ing States  of  New  Jersey,  and  New  England,  the  Hudson 
obtains  all  of  its  supply  from  New  York. 

The  Hudson  is  notable  for  its  'remarkably  straight  course 
from  the  rectangular  turn  at  Sandy  Hill  to  the  Sound 
(Fig.  2),  and  also  for  its  deep  valley  with  steeply  rising 
rock  walls.  The  influence  of  the  tide  is  felt  even  above 
Albany.  It  is  navigable  as  far  as  Troy,  but  above  the 
mouth  of  the  Mohawk  the  river  is  small  and  unimportant; 
and  if  it  were  not  for  the  fact  that  the  tide  holds  back 
the  water  of  the  Hudson,  it  would  never  have  become  the 
important  commercial  artery  that  it  now  is. 

OTHER  DRAINAGE  SYSTEMS. —  The  Delaware  River  rises  in 
New  York  State,  draining  a  part  of  the  Catskills  and  the 
neighboring  region.  Its  waters  enter  the  Atlantic  through 
Delaware  Bay.  Further  west  the  Susquehanna  tributaries 
have  their  headwaters  on  the  southern  side  of  the  St. 
Lawrence  divide.  These  drain  very  nearly  one -fourth  of 
the  State,  competing  with  the  St.  Lawrence  throughout 
the  greater  part  of  the  central  plateau.  By  the  time  the 
Susquehanna  leaves  New  York,  it  has  become  a  large  river. 
The  waters  are  carried  southeastward  into  Chesapeake 
Bay.  Farther  west,  in  Cattaraugus  and  Chautauqua  Coun- 
ties, the  Allegheny  River  enters  New  York;  and,  after  a 
short  course  within  the  State,  it  reenters  Pennsylvania, 
thus  leading  the  waters  of  a  small  corner  of  the  State 
into  the  Gulf  of  Mexico,  through  the  Ohio  and  Mis- 
sissippi. 

From  this  it  is  evident  that  the  State  of  New  York  is 
a  great  divide  region,  contributing  water  to  no  less  than 
five  well-known  river  systems,  the  St.  Lawrence,  Missis- 
sippi, Susquehanna,  Delaware  and  Hudson,  only  one  of 
which  enters  the  sea  in  the  State,  or  is  even  in  large 
measure  within  its  boundaries.  A  very  small  part  of  the 
drainage  of  the  State  passes  directly  to  the  sea  through 
small  streams  in  New  Jersey  and  Connecticut.  Water 
falling  upon  a  part  of  the  New  York  divide  may  enter  the 
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St.  Lawrence,  while  a  short  distance  away  it  would  find 
before  it  a  much  longer  journey  southward  to  the  Gulf  of 
Mexico. 

GORGES  AND  WATERFALLS  (Chapter  V). — In  many  of  the 
northern  States,  waterfalls  and  gorges  are  notable  and 
common  features;  but  of  none  is  this  more  true  than  of 
New  York.  Many  of  the  streams,  particularly  those  of  the 
central  plateau  region,  flow  for  a  part  of  their  distance  in 
gorges  in  which  they  are  interrupted  by  falls  and  rapids. 
Niagara  is  a  type  of  these,  which,  though  larger  and 
more  wonderful  than  its  fellows,  finds  its  counterpart  in 
hundreds  of  places  in  other  parts  of  the  State.  A  con- 
sideration of  the  causes  for  this  peculiarity,  as  well  as  of 
the  other  physiographic  features  of  the  State,  will  be 
found  on  later  pages. 

PECULIAR  IMPORTANCE  OF  THE  NEW  YORK  DRAINAGE. - 
Leaving  out  of  question  the  aesthetic  aspect  of  the  drainage, 
for  which  the  lakes,  gorges  and  falls  of  New  York  are 
justly  noted,  and  the  commercial  value  of  the  water  for 
power,  there  are  several  features  of  New  York  drainage 
which  have  had  a  remarkable  influence  upon  the  develop- 
ment of  the  State.  A  navigable  river,  the  Hudson,  reaches 
into  the  heart  of  the  State,  extending  far  up  toward  Lake 
Ontario.  Indeed,  with  a  canoe,  but  a  short  portage  is 
needed  to  reach  that  lake.  As  soon  as  the  Indians  were 
overpowered,  these  waterways  served  as  a  natural  pathway 
into  interior  New  York,  and  indeed  to  the  West. 

As  the  necessity  for  transportation  to  and  from  the 
interior  settlements  increased,  it  became  possible,  because 
of  the  great  natural  facilities,  to  add  a  system  of  arti- 
ficial waterways  to  the  readily  navigable  Hudson  and 
the  large  lakes.  So  New  York  is  ramified  by  canals, 
the  most  remarkable  of  all  being  the  Erie,  which,  emerg- 
ing from  Lake  Erie  near  Buffalo,  passes  along  the  upper 
member  of  the  Lake  Shore  Plains  province,  descends 
to  the  lower  plain  and  then  extends  over  the  level  surface 
to  the  divide  at  the  head  of  the  Mohawk,  down  the  valley 
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of  which  it  passes  to  the  Hudson.  This  canal  and  its 
tributaries  have  done  more  toward  the  early  development 
of  the  resources  of  the  State  of  New  York  than  almost 
any  other  feature;  and  both  the  main  canal  and  the 
branches  depend  for  their  location  upon  the  peculiar  con- 
figuration and  drainage  of  the  State. 

By  means  of  the  natural  and  artificial  waterways,  it  is 
possible  to  reach  into  the  very  heart  of  the  country.  For 
a  while  it  seemed  as  if  railways  had  done  away  with  the 
necessity  and  value  of  this  canal  system ;  but  by  broaden- 
ing and  deepening  the  canals,  their  future  seems  to 
promise  as  much  as  their  past  has  accomplished.  No 
canal  in  this  country  offers  better  facilities  for  enlarge- 
ment, or  greater  need  of  this  improvement,  than  does  the 
Erie,  and  it  may  safely  be  predicted  that  this  will  be 
done. 

PHYSIOGRAPHIC  FEATURES  ILLUSTRATED  IN  NEW  YORK 

About  New  York  as  a  center  it  would  be  possible  to 
build  a  complete  physical  geography.  Within  its  bound- 
aries are  illustrated  very  nearly  all  of  the  important 
groups  of  physiographic  features.  Among  rivers  there  are 
various  forms  and  types;  and  of  lakes  there  are  both  an 
abundance  and  a  variety  of  kinds.  Of  coastline  features 
illustration  is  furnished  not  merely  along  the  seashore  of 
Long  Island  and  the  very  southernmost  angle  of  the 
State,  but  also  along  the  shores  of  the  Great  Lakes,  and, 
in  a  smaller  way,  along  the  shores  of  the  smaller  bodies 
of  water.  Mountains  find  illustration  in  several  types; 
and,  although  volcanoes  are  absent,  lava  rocks  are  found 
in  the  Palisades  of  the  Hudson  and  in  various  other  parts 
of  the  State.1  Plateaus  and  plains  cover  more  than  one- 
half  of  the  State  and  they  exhibit  varied  features,  while 
instances  of  cliffs  and  escarpments  abound.  Besides  these 
greater  earth  features,  there  are  many  smaller  ones,  the 


'See  references   on   p.  12;      also  Kemp   and   Marsters,  Trans.    New  York  Ac.-ul. 
Sci.  XI,  1891,  1  :!-'_>:!. 
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most  notable  of  which  are  those  that  have  resulted  from 
glacial  action.  There  are  terraces,  ancient  shore  lines, 
various  kinds  of  glacial  hills,  and,  indeed,  illustrations  of 
most  of  the  glacial  features.  In  later  pages  these  are 
taken  up  for  consideration.  There  are  few  States  which 
offer  within  their  own  boundaries  so  rich  an  assemblage 
of  physiographic  illustration. 

GEOLOGICAL  DEVELOPMENT  OF  THE  STATE 

DEPOSIT  AND  FOLDING. --The  Adirondacks  are  distinctly 
the  oldest  large  area  in  New  York,  the  only  possible  com- 
petitor being  the  crystalline  highland  region  of  the  south- 
eastern corner  of  the  State  (the  real  gneissic  part  of  the 
Highland  province),  where  the  Archean  rocks  of  the  New 
Jersey  Highlands  extend  across  the  New  York  boundary. 
At  the  beginning  of  the  Paleozoic,  both  of  these  areas  of 
crystalline  rock  were  mountainous  lands  facing  a  sea 
which  stretched  away  to  the  westward,  and  beneath  which 
the  rest  of  New  York  State  was  submerged.  The  south- 
western highland  mountains  extended  northward  into  New 
England;  and  toward  the  east  they  probably  formed  land 
far  beyond  the  present  coast  line.  This  mountain  system 
extended  from  New  York  southwestward  into  the  southern 
States.  Its  eastern  extension  is  unknown;  but  to  the 
west  was  a  great  sea  occupying  the  site  of  the  Missis- 
sippi valley  and  extending  northward  beyond  New  York. 
Whether  the  Adirondacks  and  this  highland  mountain 
range  were  ever  connected,  and  what  was  the  actual  former 
extension  of  the  two  areas,  cannot  be  told  in  the  present 
state  of  geological  knowledge.  The  record  of  much  of 
the  early  history  has  been  hidden  beneath  the  strata  of 
later  age. 

However,  in  the  very  early  Paleozoic,  the  waves  of  the 
sea  beat  against  the  western  base  of  the  southern  high- 
lands and  these  w~ere  then,  at  least,  separated  from  the 
Adirondack  area,  which  was  at  that  time  an  island  in  the 
Paleozoic  sea.  This  is  shown  to  be  true  by  a  ring  of 
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early  Paleozoic  sedimentary  rocks,  which  practically  sur- 
round the  Adirondacks,  and  in  which  fossil  beaches  can 
now  be  plainly  detected.  Later  folding  has  doubtless 
affected  the  Adirondacks,  and  it  is  also  probable  that  parts 
of  these  mountains  have  since  that  time  been  submerged; 
but  their  main  post-Archean  history  is  one  of  long- 
continued  denudation,  as  a  result  of  which  the  elevation 
has  been  greatly  reduced.  Throughout  much  of  the  Pale- 
ozoic, and  apparently  throughout  all  of  the  post-Paleozoic 
time,  these  mountains  have  been  subjected  to  constant 
denudation.  The  structure  and  detailed  history  of  the  Adi- 
rondacks are  very  obscurely  understood,  and  little  except 
the  most  general  facts  are  at  present  known  concerning  it. 
Next  in  the  development  of  the  State  came  a  great 
overturning  of  the  rocks  along  a  line  parallel  to  and  near 
the  crystalline  highlands  of  the  southeast.  Indeed,  these 
were  involved  in  this  folding,  which  profoundly  influenced 
the  southeastern  portion  of  the  State  and  all  of  western 
New  England  and  eastern  New  York.  From  the  neighbor- 
hood of  Quebec,  southwestward  as  far  as  Virginia,  and 
apparently  beyond,  this  period  witnessed  the  growth  of  a 
great  mountain  system,  which  has  been  called  the  Taconic 
system  by  reason  of  the  fact  that  the  Taconic  Mountains, 
of  the  New  York -Massachusetts  boundary,  have  furnished 
good  evidences  of  this  system  of  folding.  The  rocks  in- 
volved in  the  overturning  include  the  older  crystalline 
pre- Paleozoic  rocks  and  the  Cambrian  and  Lower  Silurian 
sedimentary  strata;  and,  as  a  result  of  the  mountain 
growth,  these  have  been  extensively  folded  and  faulted. 
Since  rocks  of  Upper  Silurian  age  rest  unconformably 
upon  the  edges  of  these  uplifted  strata,  the  age  of  the 
Taconic  Mountain  uplift  is  placed  near  the  close  of  the 
Lower  Silurian.  By  the  folding  the  rocks  were  also  ex- 
tensively metamorphosed,  the  limestones  often  being 
changed  to  white  marble,  the  sandstones  to  dense  quartz- 
ite,  the  shales  to  slates,  etc. ;  and  in  some  places  the 
metamorphism  has  gone  so  far  that  the  original  rocks  are 
now  changed  to  schists  and  even  to  gneisses. 
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The  folding  and  faulting  were  more  intense  in  the 
northern  part  of  the  State  than  near  the  New  Jersey  line, 
and  more  in  the  eastern  than  in  the  western  part.  Hence 
the  rocks  are  more  metamorphosed,  and  therefore  more 
durable  in  the  northern  than  in  the  southern  counties.  In 
the  south,  in  Orange  County,  the  folded  rocks  are  bounded 
on  both  the  east  and  the  west  by  harder  strata,  and, 
therefore,  denudation  has  lowered  them  into  the  condition 
of  a  valley.  The  real  Taconic  ranges,  near  the  New  York- 
Massachusetts  boundary,  and  their  continuation  along  the 
Green  Mountains  of  Vermont,  furnish  illustration  of  good- 
sized  mountains.  This  is  especially  true  of  those  which, 
like  Mount  Greylock  in  Massachusetts,  consist  partly  of 
quartzite  or  other  durable  rock.  Since  their  formation 
these  mountains  have  been  much  worn,  and  there  is  every 
indication  that  they  were  once  very  lofty  ranges.  Among 
them  the  folds  are  often  overturned,  and  there  are  numer- 
ous illustrations  of  overthrust  faults  where  the  rocks  have 
broken  along  a  nearly  horizontal  plane,  and  the  upper 
beds  have  been  moved  bodily  over  the  lower.  Some  of 
these  faults  are  of  great  extent. 

Toward  the  west  the  mountain  folding  disappeared; 
but  how  far  it  extended  cannot  be  told,  since  later  rocks 
cover  the  folded  strata.  It  certainly  extended  as  far  west 
as  Little  Falls,  for  the  folds  on  the  southern  margin  of 
the  Adirondacks  are  of  this  age. 

During  the  remainder  of  the  Silurian  and  Devonian 
times,  that  part  of  New  York  which  lies  outside  of  the 
Adirondacks  and  the  southeastern  provinces  of  folded 
rocks,  lay  beneath  the  sea,  at  least  for  the  greater  part 
of  the  time.  This  sea  was  on  the  average  a  shallow  one, 
and  it  received  contributions  of  sediment  from  the  Adiron- 
dack's, the  Taconic  ranges,  and  also  probably  from  the 
Canadian  highlands.  Shallow  water  conditions  are  almost 
everywhere  indicated  among  the  central  New  York  strata ; 
and  the  very  coarseness  of  the  deposits  among  the  Catskills 
shows  that  land  was  near  by  at  the  lime  these  beds  were 
deposited.  During  these  geological  periods,  there  was 
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deposited  in  this  sea  a  depth  of  sediment  which  in  the 
Catskills  is  fully  10,000  feet;  in  central  New  York,  in  the 
Genesee  River  valley,  not  less  than  7,000  feet;  and  in 
the  highlands  of  Chautauqua  County,  some  6,000  to  6,500 
feet.1  During  this  time,  the  straits  that  had  connected  the 
New  York  sea  with  the  sea  north  of  the  Adirondacks 
became  closed.  The  beginning  of  the  St.  Lawrence  valley 
along  the  northern  border  of  New  York  had  been  deter- 
mined very  early  by  a  depression  into  which  the  sea 
entered. 

While  the  Silurian  and  Devonian  sediments  were  being 
laid  down,  there  were  evidently  numerous  minor  changes 
in  the  land  and  water;  but  the  average  condition  was  one 
of  slow  subsidence  of  the  general  area  which  was  beneath 
the  sea.  Beds  of  shale  and  limestone  were  being  deposited 
over  much  of  the  State,  although  sandstones  and  con- 
glomerates were  formed  in  some  places  near  shore  lines. 
During  the  Salina  division  of  the  Upper  Silurian,  condi- 
tions prevailed  over  central  New  York  as  a  result  of 
which  extensive  beds  of  rock  salt  were  accumulated 
between  beds  of  shale,  the  total  depth  of  the  salt  strata 
being  from  50  to  150  feet.2  The  reason  for  these  salt 
beds  is  apparently  a  shallowing  of  the  New  York  sea 
accompanying  a  broad  general  uplift  in  Ohio  and  neigh- 
boring States,  which  formed  what  has  been  called  the 
Cincinnati  arch.  Before  this  the  conditions  had  favored 
the  deposit  of  the  thick  Niagara  limestone  in  clear  and 
possibly  moderately  deep  water.  By  the  shallowing  of  the 
sea  this  part  of  the  State  may  have  become  a  great  salt 
vat,  reached  by  the  sea  and  subjected  to  evaporation,  so 


1  Communicated  by  Prof.  C.  S.  Prosser.     For  records  of  sections  in  New  York,  see 
Prosser,  Proc.  Amer.  Assoc.  Adv.    Sci.  XXXVI,  1887,  208-9;  Amer.  Geol.  VI,  1890, 
199-211;    Proc.    Rochester   Acad.    Sci.    II,    1892,   49-104;    Bull.  Geol.  Soc.  Amer.  IV, 
1893,  91-118;    Fail-child,  Proc.  Rochester  Acad.  Sci.  I,  1891,  182-186;  215-223. 

2  Eaton,  Amer.  Journ.  Sci.  VI,  1823,  242-243;   Smith,  Amer.  Journ.  Sci.  XV,  1829, 
6-12;   Phil.  Mag.  VII,   1830,  198-201;  Vanuxem,  Geology  of  New  York,  Part  III,  1842; 
Hall,  same,  Part  IV,  1843;   Gibson,  Amer.  Journ.    Sci.  V,  1873,  3C2-369;  Newberry, 
Trans.  New  York  Acad.  Sci.  IV,  1887,  55-57;  Wright,  Science,  VIII,  1886,  52;  New- 
berry,  Trans.  New  York  Acad.  Sci.  IX,  1889,  39-45;  Hall,  Luther  and  Clark,  Report  47, 
New  York  State  Museum,  1894,  203-383. 
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that  beds  of  salt  were  precipitated  and  later  covered  by 
beds  of  very  fine  mud.  After  this  the  sea  again  entered 
this  portion  of  the  State,  becoming  clear,  open  water,  per- 
haps of  considerable  depth,  and  certainly  free  from  land 
sediment.  During  this  time  another  series  of  limestone 
beds,  the  Helderberg  and  Corniferous,  which  extend  from 
near  the  Hudson  to  Buffalo,  were  accumulated  in  the  sea. 

After  this,  throughout  the  Devonian,  the  conditions 
favored  the  deposit  of  extensive  beds  of  shale,  which  in 
central  New  York  often  reached  a  depth  of  more  than 
3,000  feet.  These  vary  from  fine  textured  clay -rocks  to 
sand  layers,  and  from  real  clay  to  impure  limestone  and 
even,  in  one  or  two  cases,  to  pure  beds  of  limestone.  In 
the  east,  near  the  Taconic  ranges,  the  deposits  in  this  sea 
were  mainly  sandstones  and  conglomerates,  evidently  be- 
cause this  was  near  the  coast  line.  Here,  in  the  region  of 
the  Catskills,  the  sandstones  are  between  three  and  four 
thousand  feet  thick,  and  this  is  the  main  determining  factor 
for  the  existence  of  the  Catskill  Mountains.  Their  loca- 
tion, therefore,  depends  primarily  upon  the  former  exist- 
ence of  a  shore  line  supplied  with  quantities  of  sand  and 
pebbles  from  nearby  mountains. 

Conglomerates  are  also  found  in  the  extreme  south- 
western part  of  the  State,  these  being  remnants  of  a  bed 
of  upper  Devonian  conglomerate.  They  have  attracted 
considerable  attention  because  of  their  fancied  resemblance 
to  ruined  cities;  and  in  places  where  the  conglomerate 
beds  have  broken  along  the  joint  planes,  and  then  tumbled 
apart  as  a  series  of  huge  blocks,  they  have  been  given  the 
name  "rock  cities"  (Fig.  44) -1  The  blocks  have  been 
undermined  by  the  action  of  denudation,  which  eats  away 
the  softer  underlying  shales  and  allows  the  huge  fragments 
to  assume  various  attitudes.  It  is  probable  that  conglom- 
erate has  recently  extended  over  a  considerable  part  of  the 
high  southwestern  plateau;  and  perhaps  it  has  been  the 
cause  for  the  great  height  of  this  section,  the  overlying 


'Hall,   Geology  of  New  York,  Part    IV,  184:5,   284-285;    Ashburner,  Penn.    Ool. 
Survey,  Report  K.,   1880,  49-78. 
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conglomerate    cap    protecting   the    soft  shales   from  rapid 
denudation. 

Whether  the  Carboniferous  ever  extended  into  New 
York  State  or  not,  and,  if  it  did,  how  far  it  extended, 
are  questions  now  impossible  to  answer;  but  there  seems 
little  reason  to  doubt  that  the  Carboniferous  strata  did 
extend  for  at  least  some  distance  into  the  State.  Since 
the  Carboniferous  time,  throughout  the  entire  State,  there 
has  been  an  almost  uninterrupted  condition  of  land  ex- 
posed to  the  air;  and  during  this  time  much  rock  material 
must  have  been  removed.  Throughout  the  higher  parts 
of  the  central  plateau  the  rocks  are  of  the  upper  Devonian 
age;  and,  unless  some  Carboniferous  strata  existed  thero, 
having  since  been  removed,  we  must  marvel  at  the  minute 
amount  of  work  done  by  denudation  throughout  all  of  the 
post- Paleozoic  time.  Therefore  we  seem  warranted  in 
holding  the  theory  that  the  Carboniferous  did  extend  well 
into  New  York,  possibly  covering  the  entire  plateau. 

FINAL  UPLIFT. — Perhaps  early  in  the  Carboniferous  time, 
certainly  before  the  close  of  that  period,  the  State  of  New 
York  was  raised  above  the  sea,  a  position  which,  so  far 
as  we  know,  it  has  uninterruptedly  maintained  ever  since, 
excepting  perhaps  in  some  very  limited  localities  and  for 
a  short  time,  as  for  instance  along  the  Champlain l  and 
Hudson  River  depression.  This  elevation  was  associated 
with  the  uplifting  of  the  Appalachian  Mountains;  and 
although  at  that  period  there  was  no  extensive  mountain 
folding  within  the  State  of  New  York,  the  great  series  of 
strata  were  raised  as  a  general  plateau  uplift  with  some 
minor  folds.  The  rocks  of  the  plateau  itself,  and  of  the 
Lake  Plains  to  the  north  of  it,  are  so  upraised  as  to  dip 
very  gradually  to  the  south.  Near  the  central  part  of  the 
plateau,  along  the  shores  of  Lake  Cayuga,  and  elsewhere 
within  the  State,  the  strata  are  thrown  into  gentle  undula- 
tions with  east  and  west  axes.  Near  the  boundary  of  New 


lEmmons,  Geol.  of  New  York,  Part  II,  1842,   127-134;  283-284;  Kellogg,  Science, 
XIX,  1892,  341. 
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York  and  Pennsylvania,  east  and  southeast  of  Binghamton, 
the  effect  of  the  mountain  folding  is  plainly  seen  in  the 
rocks;  and  at  the  angle  of  junction  of  New  York,  Penn- 
sylvania and  New  Jersey,  the  mountain  folds  are  quite 
pronounced.  Among  the  Catskills,  while  there  is  some 
folding,  the  real  cause  for  the  ruggedness  of  the  moun- 
tains is  the  presence  of  the  very  massive  and  durable 
sandstone,  which  in  some  places  has  a  depth  of  not  less 
than  3,000  feet.  Because  the  upper  Devonian  in  this  part 
of  the  State  is  sandstone  rather  than  shale  or  sandy  shale, 
the  Catskill  region  rises  in  a  series  of  prominent  eleva- 
tions which  are  carved  into  very  mountainous  outlines. 
There  has  also  been  greater  uplift  in  this  section  and 
some  folding;  but  denudation  is  the  really  potent  cause 
for  the  carving  of  these  mountains. 

There  are  no  means  of  telling  in  what  form  the  uplift 
of  the  State  left  the  surface.  However,  from  the  dip  of 
the  rocks  it  seems  probable  that  the  greatest  elevations 
were  in  the  north  and  east.  The  Adirondacks  seem  to 
have  continued,  as  they  had  previously  been,  a  great 
central  divide,  from  which  the  streams  radiated  in  all 
directions.  The  Taconic  ranges  must  have  served  to  pre- 
vent the  flow  of  New  York  waters  toward  the  east,  just 
as  they  do  at  present.  The  greater  uplift  of  the  Catskill 
area  may  have  determined  some  of  the  drainage  approx- 
imately along  the  course  of  the  Hudson  valley,  while  in 
the  trough  between  the  Catskills  and  the  Adirondacks,  the 
Mohawk  naturally  developed.  If  the  St.  Lawrence  valley 
in  its  present  site  existed  early  in  the  history  of  the  State, 
there  must  have  been  drainage  toward  it,  and  there  i> 
very  little  reason  to  doubt  that  some  of  the  water  of  the 
State  thus  found  its  way  northward. 

The  tilting  of  the  rocks  to  the  south  must  have  de- 
termined this  as  a  direction  to  be  pursued  by  much  of 
the  drainage.  Before  we  can  be  certain  of  what  has  hap- 
pened to  the  New  York  rivers  we  must  first  learn  more 
about  the  early  history  of  the  streams  in  the  Pennsyl- 
vania region.  What  has  led  the  Delaware  and  Snsque- 
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hanna  waters  across  the  Appalachians  through  their 
remarkable  water-gaps?  Was  the  tilting  of  the  rocks  be- 
neath the  plateau  of  central  New  York  accomplished  at  the 
same  time  as  the  uplift  of  the  Appalachians,  or  has  it 
been  a  later  development?  If  the  former,  then  the  greater 
part  of  the  drainage  of  the  western  half  of  the  State  must 
have  been  toward  the  south;  if  the  latter,  this  does  not 
of  necessity  follow.  It  seems  that  the  topography  and 
drainage  indicate  the  first  rather  than  the  second.  North- 
flowing  streams  have  an  advantage  in  cutting  their  valleys 
in  rocks  that  dip  to  the  south.1  By  the  law  of  monoclinal 
shifting,2  as  the  surface  wears  down,  the  divides  should 
gradually  retreat  to  the  south;  and  so  the  north -flowing 
streams  would  constantly  gain  territory  at  the  expense  of 
those  which  were  flowing  toward  the  south.  As  a  matter 
of  fact,  the  north -flowing  streams  of  New  York  have  not 
pushed  their  headwaters  very  far  back  into  the  plateau, 
apparently  not  so  far  as  they  would  have  done  if  they  had 
been  north- flowing  streams  at  the  beginning  of  the  uplift 
of  the  plateau. 

Another  question  is  whether  the  rocks  were  at  first 
raised  to  their  present  height.  Here  again  the  answer  must 
be  somewhat  doubtful,  but  apparently  in  the  negative. 
Had  the  land  originally  been  elevated  to  its  present  height, 
it  should  be  denuded  vastly  more  than  it  has  been.  Even 
granting  a  complete  covering  of  Carboniferous  rocks  for 
the  central  plateau,  the  time  that  has  elapsed  since  the 
close  of  the  Carboniferous  would  have  allowed  more  than 
10,000  or  15,000  feet  of  strata  to  be  removed.  Besides 
this,  the  drainage  systems  indicate  later  elevation,  as  do 
other  facts  from  outside  of  the  State.3 


1  Of  course  this  applies  to  any  streams  heading  in  a  tilted  region  and  flowing  in 
opposite  directions. 

-  This  is,  briefly,  that  in  the  lowering  of  the  surface  of  a  country  under  the  action 
of  denudation,  if  the  rocks  are  inclined,  the  divides  will  migrate  in  the  direction  of 
the  dip.  See  Gilbert,  Geology  of  the  Henry  Mountains,  Washington,  1880,  129  and  134; 
also  Tarr,  Elementary  Physical  Geography,  274. 

3  Notably  the  fossil  faunas  of  Mesozoic  and  early  Tertiary  ages,  which  seem  to 
prove  the  existence  of  lowlands  in  the  northeastern  part  of  the  country.  Also  in  the 
valley  of  Lake  Champlain,  deposits  of  Tertiary  age  prove  a  depression  for  this  region. 
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The  history  seems  to  have  been  that  of  an  uplift  at 
the  close  of  the  Carboniferous,  continued  now  and  then, 
so  that  considerable  denudation  has  in  the  meantime  been 
possible;  and  then,  in  the  mid- Tertiary,  there  came  a 
decided  uplift  which  allowed  all  the  rivers  of  central  New 
York  to  cut  deep  valleys;  but  this  uplift  occurred  long 
enough  ago  to  admit  of  sufficient  broadening  of  the  valleys 
to  produce  a  mature  type  of  topography.  With  this  uplift 
something  like  the  present  condition  of  drainage  was  in- 
troduced, although  in  the  details  many  changes  have  been 
introduced  by  the  ice  invasion. 

POST -PALEOZOIC  DENUDATION. — As  a  result  of  this  exten- 
sive denudation,  any  rocks  that  may  have  overlaid  the 
Devonian  have  been  removed;  and,  in  a  great  part  of  the 
area,  the  Devonian  and  older  strata  are  trenched  deeply 
by  valleys,  so  that  the  plateau  is  very  much  dissected  by 
deeply-cut  valleys,  particularly  near  the  divides  (Fig.  41). 
Although  these  are  fairly  well  rounded,  there  remain  great 
hilly  masses  between;  thus  but  a  mere  beginning  has  been 
made  toward  the  removal  of  the  Devonian  and  older 
rocks. 

In  the  progress  of  the  denudation  the  plateau  has 
naturally  been  attacked,  not  only  by  the  streams  that  have 
trenched  it,  but  also  by  wasting  away  from  the  north.  If, 
as  seems  evident,  there  existed  parallel  to  Lake  Ontario 
a  river  with  an  east  and  west  extension,  from  this  valley 
as  a  base  there  would  naturally  be  an  attack  upon  the 
rocks  of  the  plateau  which  lies  to  the  south.  The  strata 
of  this  plateau,  dipping  toward  the  south,  exposed  their 
outcrop  edges  towards  the  north.  The  hard  rocks  pro- 
tected the  soft;  but,  as  these  were  undermined,  the  hard 
strata  retreated  in  the  direction  of  the  dip,  always  with  a 
tendency  to  maintain  an  elevated  position.  An  excellent 
example  of  this  is  seen  between  Rochester  and  Lewiston, 
especially  near  the  latter  place,  where  the  hard  Niagara 
limestone  covers  soft  shales  and  determines  the  position 
of  the  bold  Niagara  escarpment.  Where  the  hard  Helder- 
berg  limestone  outcrops,  the  same  tendency  exists,  and 
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here  again  an  escarpment  results.  This  very  marked  in- 
fluence of  the  rock  structure  on  topography,  producing  so 
precipitous  a  slope  in  a  region  whose  elevation  is  not  great, 
could  only  result  when  the  action  of  denudation  had  pro- 
duced moderate  effects  during  its  present  cycle. 

The  time  is  not  yet  ripe  for  the  announcement  of  the 
complex  histories  of  New  York  rivers,  and  hence  for  the 
elucidation  of  the  development  of  many  of  the  main  topo- 
graphic features  of  the  State.  The  remarks  made  above 
are  merely  suggestive  and  are  thrown  out  only  as  hints. 
However,  it  is  certain  that  rivers  differing  in  kind  from 
those  of  the  present,  and  perhaps  even  with  different 
courses,  existed  before  the  Tertiary  uplift.  After  that  uplift 
the  streams  cut  down  through  the  strata  and  carved  their 
mature  valley  forms,  perhaps  not  always  in  the  courses 
which  they  formerly  pursued. 

ICE  INVASION. --Then,  as  a  last  step  in  the  development 
of  the  features  of  the  State,  came  the  Glacial  Period 
(Chapter  IV),  which  succeeded  the  Tertiary  uplift,  and 
during  which  practically  the  entire  State  of  New  York  was 
covered  with  a  thick  sheet  of  ice.  Why  this  came,  how 
long  it  remained,  and  why  and  when  it  disappeared,  are 
questions  that  do  not  now  admit  of  definite  answer.  For 
some  reason,  possibly  the  uplift,  from  some  source  in 
northeastern  Canada,  an  ice  sheet  spread  out  over  New 
York,  covering  it  as  effectually  as  Greenland  is  covered 
by  ice  to-day.  When  this  went  away,  the  surface  of  the 
land,  though  in  some  particulars  hardly  affected,  was 
nevertheless  in  many  respects  strangely  transformed.  Over 
the  surface  was  strewn  a  sheet  of  glacial  deposit  of  vari- 
able thickness;1  some  of  the  hills  were  planed  down  and 
rounded,  others  were  built  up;  some  valleys  were  deep- 
ened, others  were  more  or  less  completely  filled;  some 
streams  were  turned  completely  out  of  their  valleys,  some 
only  partly  interfered  with;  and  many  valleys  were  locally 


i  Mather,  Geology  of  New  York,  Part  I,  1843,  158-228;  Hall,  same,  Part  IV,  1843, 
318-341;  Chamberlin,  Third  Annual  Report  U.  S.  Geol.  Survey,  1883,  347-379. 
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transformed  to  lakes.  The  hundreds  of  lakes  that  dot  the 
State  were  thus  created,  and  even  Lakes  Erie  and  Ontario 
had  their  birth  at  the  close  of  the  ice  period.  The  Falls 
of  Niagara,  and  many  other  gorges  and  waterfalls,  have 
also  had  their  beginning  as  a  result  of  the  ice  action. 
With  the  withdrawal  of  the  glacier,  the  form  of  the  lakes 
varied,  finally  assuming  their  present  condition.  The  sea 
also  rose  higher  than  it  does  at  present,  and  parts  of  the 
Hudson- Champlain  depression  were  submerged;  and  then, 
finally,  the  conditions  of  the  present  came  about.  Many 
of  the  details  of  the  physiography  of  the  State  are  a 
result  of  this  ice  invasion,  and  some  of  these  subjects  will 
serve  as  special  topics  for  discussion. 

CLIMATE    OF    THE    STATE1    (Chapter  XI). 

Throughout  the  State  of  New  York  there  is  abundant 
though  not  excessive  rainfall;  but,  as  in  the  other  eastern 
States,  there  is  liability  to  occasional  drought.  The  total 
precipitation  in  inches  varies  from  25-30  in  the  north- 
western part  of  Niagara  County,  and  in  some  places  north 
and  east  of  the  Adirondacks,  to  60  inches  near  the  coast 
and  on  the  slopes  of  the  Adirondacks  (Fig.  201).  Over 
most  of  the  State  the  rainfall  ranges  from  35  to  50  inches. 
There  is  a  greater  percentage  of  cloudiness  near  the  Lakes 
than  at  a  distance  from  them,  and  over  nearly  one -half  of 
New  York  the  sun  is  obscured  for  more  than  60  per  cent 
of  the  time  during  which  it  is  above  the  horizon.  In  the 
southeastern  portion  of  the  State  there  is  the  least 
cloudiness. 

The  mean  annual  temperature  ranges  from  50°  near 
the  coast  and  48°  near  Lake  Erie,  to  less  than  40°  in  the 
Adirondacks  (Fig.  196).  The  mean  temperature  for  July 
ranges  between  72°  on  the  coast  and  70°  near  Lake  Erie, 
to  less  than  64°  in  the  high  Adirondacks.  In  January  it 


'See  Turner,  Fifth  Annual  Report  of  the  State  Weather  Bureau  of  New  York, 

Dcpnrtinent    of    Agriculture.    Albany,    N.    Y..    18!)4,    :U.V448;    also    ( 'liapt.T    XI,  pp. 
331-366,  of  this  volume. 
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ranges  between  30°  at  the  coast  and  26°  on  the  Lake  Erie 
shore,  to  considerably  less  than  16°  among  the  high 
Adirondacks.1 

In  the  distribution  of  the  isotherms  there  is  much  irreg- 
ularity, for  the  influence  of  topography  is  very  marked.  It 
will  be  seen  from  this  statement  of  temperatures  that 
New  York  is  peculiar  in  having  high  summer  and  low 
winter  averages.  However,  it  is  not  nearly  so  extreme  as 
some  of  the  interior  States.  For  instance,  St.  Paul,  Min- 
nesota, has  an  average  temperature  of  72°  in  July  and  8° 
in  January;  and  St.  Vincent,  Minnesota,  has  an  average  of 
65°  in  July  and --10°  in  January.  On  the  other  hand, 
San  Francisco  has  a  summer  temperature  of  69°  and  an 
average  winter  temperature  of  50°;  choosing  single  months 
for  the  averages. 

Since  New  York  has  such  low  winter  and  high  summer 
temperatures,  the  climate  of  the  two  seasons  corresponds 
with  climates  in  widely  differing  latitudes.  This  has  been 
so  well  stated  by  Mr.  Turner2  that  I  quote  from  his 
description  as  follows: 

"The  isothermal  line  of  70  degrees,  which  will  be 
observed  on  the  chart  for  July  to  pass  from  the  Great 
Lakes  over  northern  New  York,  extends  thence  eastward 
through  New  England  to  the  vicinity  of  the  coast,  where 
it  again  turns  toward  the  southwest,  meeting  the  line  of 
70  degrees  which  appears  over  eastern  Long  Island.  This 
isothermal  then  passes  directly  eastward  over  the  Atlantic 
near  parallel  40  degrees,  intersecting  the  coast  of  Europe 
in  northern  Spain.  Reaching  the  warmer  land  surface,  it 
tends  somewhat  north  of  east  through  Central  France, 
Austria,  Central  Russia  and  Siberia.  Near  the  eastern 
coast  of  the  latter  country  it  turns  southward  through  20 
degrees  of  latitude  and  passing  to  the  Pacific  over  the 
Island  of  Japan,  continues  nearly  eastward,  meeting  the 
coast  of  America  in  Central  California.  Thence  it  follows 
the  meridian  of  120  degrees  west  well  northward  into 


1  For  the  upper  portions  of  the  Adirondacks  there  are  no  reliable  data. 

2  5th  Annual  Report,  New  York  State  Meteorological  Bureau,  Vol.  II  for  1893,  361-2. 
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British  America   before  again   turning  to  the  southeast  in 
the  direction  of  the  Great  Lakes  and  northern  New  York. 

"The  line  indicating  74  degrees  in  July  passes  from 
New  York  directly  southward  over  the  ocean  until  opposite 
Virginia;  thence  slightly  south  of  east  to  Morocco  in  North 
Africa,  where  it  turns  northward  to  France;  thence  passes 
through  southern  Europe  (north  of  the  Italian  peninsula) 
to  the  Black  Sea,  through  central  Asia  at  latitude  50 
degrees,  and  near  the  coast  turns  southward  to  Japan. 
Diverging  somewhat  from  the  isotherm  of  70  degrees,  in 
its  course  over  the  Pacific,  it  touches  America  in  Southern 
California,  follows  the  Rocky  Mountains  northward  to 
British  America  and  thence  takes  a  southeasterly  direction 
to  the  Great  Lakes  and  New  York. 

"In  January,  New  York  is  to  be  classed  with  quite 
different  regions  of  the  globe  from  those  named  above. 
The  isotherm  of  15  degrees,  which  appears  near  the  north- 
ern boundary  of  the  State,  passes  thence  over  Labrador, 
the  southeastern  coast  of  Greenland  and  the  Arctic  Ocean. 
When  well  to  the  northward  of  Scandinavia  it  turns  south- 
eastward through  Central  Russia  (passing  north  of  St. 
Petersburgh)  to  the  northern  border  of  the  Caspian  Sea. 
Proceeding  eastward  to  northern  Japan  and  northeast- 
ward over  the  Pacific  it  reaches  the  southern  coast  of 
Alaska,  when  it  again  trends  southward  to  South  Dakota 
and  finally  passes  north  to  the  Lake  Region  to  the  St. 
Lawrence  valley. 

"The  mean  January  temperature  of  30  degrees  (that  of 
New  York  city)  is  found  also  in  southern  Newfoundland, 
Ireland  and  northern  Norway.  This  isotherm  turns  sharply 
southward  in  the  latter  region  and  passes  to  eastern 
Germany,  Austria  and  the  northern  border  of  the  Black 
Sea,  when  its  course  becomes  eastward  to  the  Pacific. 
Like  all  the  preceding  lines  it  intersects  Japan  and  thence 
passes  northeastward  to  the  Aleutian  Islands.  Following 
the  American  coast  line  to  the  border  of  the  United 
States,  it  turns  southeastward  to  Missouri  and  thence  passes 
to  the  southern  shore  of  the  Groat  Lakes." 
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There  are  several  interesting  climatic  peculiarities  in 
New  York.  In  general,  the  climate  is  that  of  an  interior 
land  area,  though  it  is  near  enough  to  the  seashore  to  be 
considerably  influenced  by  the  ocean.  The  prevailing 
winds  are  from  the  west1  and  the  alternations  of  weather 
conditions  are  due  to  the  passage  of  successive  areas  of 
high  and  low  pressure  from  west  to  east,  producing,  as 
they  travel  onward,  alternate  conditions  of  clear,  dry 
weather  and  cloudy,  rainy  weather. 

In  these  respects  New  York  is  not  unlike  the  other 
States  of  the  north.  During  the  passage  of  the  clear  anti- 
cyclonic  areas  of  high  pressure,  cool  or  cold  winds  blow 
from  the  north  and  the  northwest,  in  winter  spreading  a 
blanket  of  cold  air  over  the  land.  While  the  stormy  con- 
ditions of  the  low-pressure  areas  prevail,  air  flows  in  from 
the  south.  It  then  comes  either  from  the  Atlantic  or  the 
Gulf  (the  latter  particularly  in  the  western  portion),  and 
so  brings  moist,  warm  conditions  to  the  State.  With  the 
coming  of  the  south  wind,  rain  and  snow  often  fall,  be- 
cause the  air,  in  moving  northward,  passes  into  colder 
regions  and  also  rises  over  the  plateau,  thus  being  cooled 
down  to  the  dew  point,  when  precipitation  must  follow. 
When  rain  does  not  fall,  the  weather  becomes  warmer,  in 
winter  producing  thaws,  in  summer  causing  heated  terms. 

These  normal  conditions  of  weather  change  are  some- 
what interrupted  by  topographic  features,  only  a  few  of 
which  can  be  mentioned.  That  part  of  the  State  which  is 
most  distinctly  influenced  by  the  ocean  is  the  vicinity  of 
New  York  City  and  Long  Island.  There  the  winters  are 
warmed  and  the  summer  heat  moderated  by  the  influence 
of  the  water.  The  mean  annual  temperature  is  higher  and 
the  range  in  temperature  less  than  in  other  portions  of 
the  State.  Also  in  this  part  of  the  State  the  rainfall  is 
greater  than  in  other  portions,  with  the  probable  excep- 
tion of  the  high  Adirondacks.  During  the  summer  the 
heat  is  frequently  tempered  by  the  cool  sea  breezes. 


1  This  is  often  well  illustrated  in  orchards,  where  the  trees  are  all  seen  to  incline 
towards  the  east. 
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The  coldest  and  most  variable  portion  of  the  State  is 
the  high  Adirondacks,  which,  though  cool  in  summer,  be- 
come very  cold  in  winter.  Here  there  is  much  snowfall 
and  the  climate  is  distinctly  that  of  mountains. 

An  influence  very  much  like  that  of  the  ocean  is  exerted 
upon  the  climate  of  New  York  by  the  waters  of  the  Great 
Lakes  (Figs.  194  and  195).  They  serve  to  temper  the  sum- 
mer heat  and  to  moderate  the  winter  cold.  When  a  cold 
wave  overspreads  the  region,  the  temperature  of  the  United 
States  side  of  Lake  Ontario  may  be  10°  or  20°  higher 
than  it  is  on  the  Canadian  side.  This  influence  of  the 
Great  Lakes  holds  back  the  spring-time  development  of 
plants  by  the  presence  of  the  cold  water;  and  hence  vege- 
tation is  not  so  liable  to  suffer  from  late  frosts  as  it  is  in 
more  distant  regions  where  development  has  proceeded 
farther.  In  the  autumn  the  warm  body  of  water,  with  its 
temperature  raised  through  the  summer,  does  not  cool  so 
quickly  as  the  land;  and  thus,  by  its  presence,  the  water 
prevents  frosts  near  the  lake  shore  and  lengthens  the 


growing  season. 


The  influence  of  the  water  of  the  Great  Lakes  is  felt 
very  nearly  all  over  the  State,  for  many  of  the  winds 
must  blow  over  their  surface  before  reaching  other  parts 
of  the  State;  but  the  really  noticeable  influence  is  con- 
fined to  a  distance  of  but  a  few  miles  from  the  shore. 
This  influence  becomes  particularly  noticeable  where  the 
lake  shore  plains  are  backed  by  an  escarpment,  which 
serves  to  keep  the  lake  influence  partly  confined  within  a 
narrow  space.  This  is  shown  very  well  indeed  near  Lewis- 
ton  at  the  base  of  the  Niagara  escarpment,  and  also  along 
the  Erie  shore  in  Chautauqua  County.1  In  both  of  these 
places  the  climates  are  so  favorable  that  they  are  the 
sitos  of  extensive  fruit  raising. 


1  See  Tarr,  Bulletin  109,  Cornell  University  Agricultural  Experiment  Station, 
"Geological  History  of  Chautauqua  County,1'  Ithaca,  N.  Y.,  Jan.,  189G;  also  for 
other  parts  of  the  Lake  shores,  Winchell,  Proc.  Arner.  Assoc.  Adv.  Sri.  XIX,  1870, 
106-117;  Kirtlaricl.  Ainer.  Journ.  Sri.  XIII.  1*:>2,  215-21!»;  Ha/.m.  Bull.  10.  I".  S. 
Weather  Bureau,  18',t.'i.  The  last  three  are  not  for  New  York,  but  illustrate  lake 
effects  in  other  States. 


38  The    Physical    Geography    of  New    York    State 

In  the  Chautauqua  region  the  effects  of  the  lake  are 
wonderfully  clear.  Upon  ascending  the  escarpment  the 
temperature  becomes  noticeably  lower  in  a  distance  of  a 
few  miles.  Very  often  rain  falls  upon  the  lake  shore 
plains  while  snow  is  being  precipitated  on  the  hills;  and 
during  the  winter  there  is  frequently  sleighing  on  the  hill- 
tops, while  no  snow  exists  on  the  lower  plains  a  mile  or 
two  distant.  With  this  difference  in  elevation  there  is  also 
a  difference  in  the  amount  of  precipitation,  and  the  rain- 
fall upon  the  hills  is  perceptibly  greater  than  that  on  the 
plains. 

There  is  also  a  perceptible  effect  upon  the  climate  in 
the  neighborhood  of  the  smaller  lakes.  This  is  illustrated 
in  the  valleys  of  the  several  larger  Finger  Lakes  which 
occupy  deep  trenches  in  the  plateau.  In  these  valleys  the 
winds  are  deflected  somewhat,  so  that  nearly  north  or 
south  directions  of  wind  are  the  common  ones.  Also  the 
valley  sides  are  warmer  than  the  enclosing  highlands, 
partly  because  they  are  enclosed,  but  partly  because  of  the 
influence  of  the  water.  Even  the  small  body  of  water  in 
the  lakes  serves  to  modify  the  neighboring  climate  very 
perceptibly.  Near  the  lake  shores,  both  the  nights  and 
days  of  summer  are  cooler  than  they  are  upon  the  neigh- 
boring hillsides,  and  the  winter  climate  is  perceptibly  less 
severe.  Here  also  the  marked  modification  of  the  climate 
has  given  rise  to  important  fruit- raising  industries. 

In  the  Mohawk  and  Hudson  Eiver  valleys  there  is 
the  same  kind  of  influence  upon  the  climate,  and  we  find 
that  the  isotherms  are  very  decidedly  bent  in  crossing  these 
valleys.  Here  also  some  winds  are  deflected,  in  the 
Mohawk  to  a  general  east  and  west  direction,  and  in  tho 
Hudson  to  north  and  south  directions.  From  this  brief 
statement  it  is  clear  that  the  relation  between  the  physio- 
graphic features  of  the  State  and  the  details  of  climate  is 
very  intimate.1 


1  See  Chapter  XI. 


CHAPTER  II 

THE   MOUNTAINS   OF  THE   STATE 

USE  OF  THE  TERM  MOUNTAIN. — There  are  few  geographical 
terms  used  more  confusedly  than  that  of  mountain.  In 
common  usage  is  meant  any  unusual  elevation  rising  above 
the  surface  of  the  surrounding  country.  Hence  in  Texas 
a  hill  reaching  an  elevation  of  one  or  two  hundred  feet 
above  the  monotonous  plain  is  called  a  mountain,  while  in 
New  England,  elevations  of  even  one  or  two  thousand  feet 
are  called  hills. 

In  reality  more  than  one  geographic  feature  is  included 
under  the  single  term.  If  we  look  at  the  typical  moun- 
tains of  the  world,  we  find  the  main  fundamental  features 
to  be  disturbance  of  the  rocks.  A  part  of  the  crust  has 
been  bent  or  broken,  with  the  result  of  an  unusual  eleva- 
tion. Such  mountains  occur  in  ranges,  the  axes  of  the 
folds  being  longer  than  the  cross  section.  However,  the 
mountain  folds  of  the  land  are  no  sooner  begun  than  they 
are  modified  by  denudation.  The  various  forms  of  rock 
texture  are  etched,  so  that  very  soon  the  fold  is  no  longer 
the  prominent  feature,  but  instead,  peaks  or  ridges,  which 
have  been  brought  out  into  relief.  In  the  course  of  time 
denudation  may  so  plane  down  the  mountains,  that, 
although  the  rock  structure  is  that  of  the  mountain,  the 
topography  is  that  of  a  series  of  low  hills,  or  in  some 
cases  even  of  a  plain.  This  is  the  case  in  the  eastern 
p;irt  of  Pennsylvania  and  New  York. 

In  a  structural  sense,  and  hence  in  geographic  usage, 
these  planed -down  mountain  ranges  must  be  called  moun- 
tains still,  although  they  no  longer  possess  the  features 
which  we  commonly  associate  with  these  geographic  forms. 
Jn  their  origin,  the  topographic  mountains  are  elevated 
structures  of  folded  or  faulted  strata;  but  they  are  greatly 

(39) 
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modified  by  denudation.  They  are  carved  into  peaks  and 
ridges  where  harder  rocks  occur,  whether  these  be  hori- 
zontal or  tilted  sedimentary  strata,  or  even  perfectly  .mas- 
sive igneous  rocks. 

In  such  peaks  the  fundamentally  important  feature  is 
no  longer  folding,  but  rock  texture  as  carved  by  denuda- 
tion. So  the  peak  and  mountain  range  are  not  the  same, 
either  in  origin  or  structure.  The  peak  is  really  a  hill, 
and  it  may  be  of  great  or  slight  elevation.  There  can  be 
no  real  line  of  distinction  drawn  between  the  low  Pilot 
Knob  of  Missouri,  which  rises  to  only  a  slight  elevation 
above  the  plain,  and  the  great  Pike's  Peak;  both  are 
carved  peaks  of  igneous  rock.  Nor  is  there  any  essential 
difference  between  the  low,  flat- topped  hills  or  buttes  of 
the  plains  and  plateaus,  rising  above  the  general  level 
because  of  the  hard  upper  strata,  and  the  peak  carved  out 
of  the  equally  horizontal  and  variable  rock  strata,  which 
exist  in  the  centre  of  a  syncline  or  an  anticline.  So  it 
may  be  held,  that  in  geographic  nomenclature  we  must 
distinguish  between  the  mountain  peak,  or  ridge,  erosional 
forms,  and  the  mountain  range,  a  structural  type,  modified 
more  or  less  extensively  by  denudation,  and  perhaps  even 
cut  into  peaks,  though  more  commonly  into  ridges.  The 
mountain  range  corresponds  more  closely  with  the  geogra- 
phic use  of  the  term  mountain,  while  the  peak  is  more  in 
harmony  with  the  common  usage.  A  geographic  mountain 
need  not  have  an  unusual  elevation,  but  must  have  com- 
plexity of  rock  structure;  the  peak,  on  the  other  hand, 
must  have  elevation,  but  not  of  necessity  complex  internal 
structure. 

Where  exactly  to  draw  the  line  between  the  geographic 
mountain  and  the  plateau,  and  where  between  the  hill  and 
peak,  is  difficult  to  define.  Concerning  the  latter,  how- 
ever, there  is  little  real  difficulty,  for  the  peak  and  hill 
are  of  the  same  geographic  type;  but  the  mountain  and 
plateau  are  quite  different  topographic  forms.  We  are 
constantly  confronted  by  the  difficulty  of  deciding  which  is 
the  true  mountain,  and  which  so-called  mountain  is  only 
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an  elevated  and  dissected  plateau.  In  fact,  the  Catskill 
Mountains  of  New  York  furnish  a  typical  example  of  this 
difficulty.  These  are  not  true  mountains  in  the  geographic 
sense,  but  are  dissected  plateaus  simulating  mountains; 
they  belong  to  the  type  which  brings  confusion  to  the 
geographic  nomenclature,  for  nearly  every  one  recognizes 
them  as  mountains.  They  are  more  than  mere  peaks, 
being  in  reality  a  group  of  peaks.  The  Catskill  type  of 
greatly  carved  horizontal  rocks  may  be  called  pseudo- 
mountains. 

MOUNTAIN  GROUPS  IN  NEW  YOEK,--  There  are  five  moun- 
tainous areas  in  the  State  of  New  York.  These  are  the 
Adirondacks,  the  Taconic  series,  extending  from  Vermont 
across  New  York  into  New  Jersey,  the  Kittatinny  Moun- 
tains, entering  the  State  from  New  Jersey,  the  Palisade 
range,  also  entering  from  New  Jersey,  and  the  Catskill 
Mountains.  Of  these,  three  are  merely  minor  portions  of 
mountain  masses  really  belonging  to  other  States.  The 
Adirondacks  and  Catskills  reach  the  greatest  elevation, 
and  from  that  standpoint  are  the  most  representative 
mountains  in  New  York;  and  they  also  are  entirely  in- 
cluded within  its  boundaries.  Since  the  Catskills  consist 
of  nearly  horizontal  strata,  while  the  other  systems  are 
made  of  rocks  usually  complexly  folded,  the  Catskills  are 
really  the  least  representative  mountains  in  the  State;  in 
in  fact,  as  has  been  said  before,  they  are  not  properly 
mountains,  but  imitation  mountains. 

The  Adirondacks.1  —  These  mountains  furnish  one  of 
the  most  typical  illustrations  of  a  class;  they  are  true 
mountains  in  form  and  structure,  long  subjected  to  denu- 
dation, and  reduced  to  a  fraction  of  their  former  eleva- 
tion. Their  life  history  has  been  long  and  complex. 
Commencing  at  some  period  of  Archean  time,  long  before 
the  beginning  of  the  known  geological  record,  which 
properly  commences  with  the  Paleozoic,  they  have  main- 
tained a  land  condition  almost,  if  not  quite,  down  to  the 


1  See  references,  p.  13. 
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FIG.  6.     Map  of  a  part  of  the  Adirondacks,  contours  every  500  feet  (based  on 
U.  S.  Geological  Survey  Topographic  Map). 

present  time.  Their  origin  and  history  have  been  similar 
to  that  of  the  New  England  and  Canadian  mountainous 
provinces. 

First  elevated  during  that  earliest  geological  period,  the 
Archean,  the  Adirondacks  rose  as  an  insular  land  area  in 
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the  early  Paleozoic  sea.  Then,  as  now,  they  were  a  land 
of  complex  structure,  composed  of  hard  and  durable 
norities,  gabbros,  gneisses,  etc.  Among 
these  were  beds  of  iron  and  other  minerals 
and  rocks  characteristic  of  the  crystalline 
series.  The  rocks  rose  into  the  air  and  de- 
cayed, as  rocks  do  now.  Then,  as  now, 
rivers  flowed  down  the  mountain  sides  and 
entered  the  Paleozoic  sea,  a  part  of  which 
occupied  the  site  of  the  present  State  of 
New  York,  and  into  this  sea  the  rivers  car- 
ried sediment  derived  from  the  mountains. 
The  waves  and  currents  worked  the  sedi- 
ment over,  building  the  strata  that  now 
underlie  the  soil  of  New  York. 

This  history  of  mountain  destruction  and 
sediment  accumulation  is  told  us  by  the 
beds  of  Paleozoic  strata  which  encircle  the 
mountains.  There  are  Cambrian  beaches 
built  by  the  waves  of  this  ancient  period, 
and  in  these  the  pebbles  are  of  the  same 
rocks  as  those  now  constituting  the  Adi- 
rondacks.  From  this  we  conclude  that 
when  these  beaches  were  accumulated,  the 
mountain  rocks  were  of  the  same  kinds  as 
those  now  existing  in  them.  Jn  some 
places  beneath  these  beaches  a  soil  has  been 
found  that  was  formed  before  the  beach 
gravels  were  accumulated.  This  tells  us  of 
rock  disintegration  at  some  period  before 
the  Cambrian  sea  encroached  upon  the  land. 
The  surrounding  strata  tell  us  of  another 
stage  in  the  development  of  the  ancient 
mountainous  area.  The  Cambrian  and 
Lower  Silurian  (or  Ordovician)  strata  which 
surround  the  mountains  are  folded  and 
sometimes  altered  into  schists  and  other  kinds  of  meta- 
morphir  rook.  From  this  we  learn  that  after  these  were 
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deposited  in  the  Paleozoic  sea,  in  a  nearly  horizontal  posi- 
tion, they  were  uplifted  and  folded,  and  with  them  at 
least  portions  of  the  Adirondacks,  of  which  in  some  places 
they  now  constitute  a  part  (see  Figs.  4  and  5). 

There  is  negative  evidence,  and  hence  evidence  of  less 
value,  that  this  was  the  last  time  during  which  the 
Adirondacks  were  extensively  folded.  South  of  the  moun- 
tains stretches  an  extensive  area  of  Silurian  and  Devonian 
strata,  in  a  nearly  horizontal  position.  Therefore,  since 
the  beginning  of  the  Upper  Silurian  these  rocks  have  not 
been  folded;  and,  since  this  is  true,  it  seems  fairly  certain 
that  the  neighboring  Adirondacks  have  likewise  been  free 
from  extensive  post-Ordovician  folding.  On  the  other 
hand,  however,  there  is  evidence  that,  though  little  or  no 
folding  has  taken  place,  the  mountains  have  been  subjected 
to  uplift ;  for  the  beds  that  were  accumulated  beneath  the 
surface  of  the  Paleozoic  ocean  are  now  raised  well  above 
the  sea-level.  Such  an  uplift,  so  near  them,  must  also 
have  been  accompanied  by  an  additional  elevation  of  the 
Adirondack  Mountains,  although,  as  has  been  said,  there 
is  no  evidence  that  there  was  folding  accompanying  this 
elevation . 

While  these  changes  of  elevation  were  in  progress,  there 
were  doubtless  also  times  when  the  level  of  the  land  was 
lowered.  In  fact  this  must  have  been  so,  for  the  thick- 
ness of  the  strata  between  Lower  Cambrian  and  Upper 
Devonian,  in  the  region  south  of  the  Adirondacks,  is 
several  thousand  feet.  These  beds,  one  deposited  upon 
another,  were  for  the  most  part  accumulated  in  a  shallow 
sea.  The  evidence  of  this  is  that  the  strata,  which  vary 
in  texture  from  pebbles  to  clay,  are  mainly  made  of  frag- 
ments of  rock  that  have  been  derived  from  the  land. 
Such  coarse  materials  could  not  have  been  carried  far 
from  shore.  Moreover,  the  presence  of  ripple  marks  in 
many  of  the  beds  proves  shallowness,  and  beaches  that 
occur  among  these  ancient  sediments  point  to  the  same 
conclusion.  To  form  such  a  thickness  of  rock  in  a  shallow 
sea,  almost  if  not  quite  surrounding  the  mountains,  the 
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bed  of  the  ocean  must  have  been  sinking,  and  if  this  were 
true  of  the  sea  bottom,  a  part,  if  not  all,  of  the  Adiron- 
dacks  must  also  have  been  settling.  In  later  times,  when 
the  Tertiary  sea  entered  the  Lake  Champlain  valley,  there 
was  another  period  of  depression.1 

During  these  elevations,  foldings  and  depressions,  the 
Adirondack  land  mass  has  been  subjected  to  denudation, 
for  it  has  stood  above  the  sea-level  throughout  the  greater 
part  of  the  time  that  has  elapsed  since  the  Archean. 
Naturally,  in  so 
vast  a  period  of 
time  the  moun- 
tains have  been 
deeply  breached; 
and  had  it  not 
been  for  new 
elevations,  we 
may  be  certain 
that,  by  this 
time,  the  area 
would  have  been 
leveled  to  the 
condition  of  a 
plain,  standing 
near  the  level 
of  the  sea.  It 
is  impossible  to  say  how  much  has  been  removed  from  the 
Adirondacks  by  this  action,  but  certainly  many  thousands 
of  feet  of  strata  have  been  cut  off  and  carried  away. 
Could  we  know  in  detail  the  Archean  history  of  the  moun- 
tains, we  might  be  able  to  state  how  much  elevation  they 
have  lost  by  denudation;  but  while  figures  cannot  be  as- 
signed, there  is  on  every  hand  evidence  of  immense  loss 
by  denudation. 

Examining  the  surface  features  of  the  Adirondack's,  we 
find    them    to    be    mountains    of    considerable    elevation, 


FIG.  8.— The  rounded,  mature  peaks  of  the  Adirondack- 
(photograph  copyrighted,  1888,  by  S.  R.  Stoddard, 
Glens  Palls,  N.  Y). 


1  Marine    beaches    north    of    tho  Adirondacks    furnish    evidence  of    lowering    :ind 
''•vation    just  preceding  the   present   era. 
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somewhat  rugged  in  outline.  Still,  when  we  compare  them 
with  the  Andes,  Alps,  or  Rockies,  we  find  them  to  be 
much  less  elevated  and  rugged.  There  are  few  lofty, 
inaccessible  cliffs,  but  instead,  rounded,  easily  scaled  hills 
and  mountain  peaks,  reaching  only  very  rarely  to  a  height 
greater  than  one  mile  above  sea -level.  Roads  may  be  con- 
structed upon  most 
of  the  mountain 
sides,  and  railways 
enter  the  very  heart 
of  the  system  of 
peaks,  while  paths 
are  present  nearly 
everywhere,  so  that 
practically  no  por- 
tion is  inaccessi- 
ble. This  is  very 
distinctly  in  con- 
trast with  the  con- 
ditions among  tho 
Alps,  many  por- 
tions of  which  are 
reached  only  by 
the  most  arduous 
climbing,  while  some  parts  are  practically  inaccessible. 

The  Alps  are  young  mountains,  and  denudation  has 
progressed  only  far  enough  to  sculpture  the  strata  of  vary- 
ing hardness  into  very  rugged  relief.  In  the  Alps  the 
hard  rock  masses  rise  into  a  Jungfrau  or  Matterhorn 
(Fig.  9),  peaks  of  marvelous  ruggedness;  but  in  the 
Adirondacks  the  long- continued  action  of  denudation  has 
carried  the  development  of  the  topography  from  this  youth- 
ful stage  to  that  of  maturity  or  early  old  age.  Here  the 
granitic  crystallines  stand  above  the  general  level  as  a  Mt. 
Marcy  or  a  Whiteface,  while  the  softer  beds  are  the  sites 
of  valleys.  But  these  granite  peaks  have  a  gentler  and 
more  flowing  outline  (Fig.  8) ,  because  denudation  has  passed 
the  stage  of  greatest  activity.  The  height  of  the  moun- 


FiG.  9.     The  Matterhorn,   Switzerland,  a  young 
mountain  peak. 
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tains  has  been  so  reduced  that  denudation  cannot  be 
compared  in  intensity  with  that  which  is  possible  in  more 
lofty  ranges,  like  those  of  the  Alps. 

This  rounded  form  of  the  Adirondacks  has,  without 
doubt,  been  slightly  increased  by  the  scouring  action  of 
the  ice  of  the  Glacial  period,  which  overrode  the  highest 
peaks  of  these  mountains.  Too  little  study  has  been  given 
to  this  region  for  us  to  state  much  about  the  action  of 
the  ice  there.  Some  material  was  removed  from  the 
mountain  sides  and  valley  bottoms,  and  some  was  de- 
posited; and  as  a  result  of  this  modification,  the  surface 
was  left  a  little  smoother  than  before  the  ice  came.  But 
we  may  be  certain  that  this  was  in  the  manner  of  finish- 
ing touches,  not  of  primary  carving  and  sculpturing. 

In  New  England,  New  Jersey,  and  elsewhere  in  the 
East,  there  is  evidence  (see  p.  100)  that  denudation  suc- 
ceeded in  reducing  the  mountainous  land  to  even  less 
rugged  outline  than  is  now  present,  and  many  believe  that 
this  reduction  amounted  even  to  planation,  so  that  the 
surface  became  nearly  level,  or  was  reduced  to  the  condi- 
tion of  a  peneplain.  The  evidence  of  this  reduction  to 
such  moderate  outline  that  mountains  lost  their  mountain 
ruggedness,  is  very  strong  indeed,  and  the  leveling  seems 
to  have  been  widespread.  This  being  so,  it  must  have 
reached  the  neighboring  Adirondacks.  So  the  Adirondacks 
are  mountains  of  a  new  cycle.  After  a  complex  history, 
some  of  which  has  been  stated,  they  were  reduced  to  far 
less  relief  than  now  and  perhaps  nearly  leveled.  This  was 
in  the  Tertiary  period.  Then  they,  together  with  the  sur- 
rounding country,  were  uplifted  again,  and  once  more 
brought  under  the  influence  of  mountain  denudation.  At 
present  they  are  well  along  in  development  in  this  new 
cycle,  having  again  reached  the  outline  of  maturity.  Per- 
haps such  changes  have  been  passed  through  again  and 
again  during  the  history  of  these  mountains. 

The  Adirondacks  have  been  contrasted  with  the  Alps; 
they  may  also  be  brought  into  contrast  with  the  Appa- 
lachians, which,  likewise,  are  not  strictly  comparable  with 
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the  Alps  or  Rockies.  It  is  not  difficult  to  ascend  to  the 
top  of  any  ridge  in  the  Appalachians,  so  that  in  this 
respect  there  is  a  resemblance  to  the  Adirondacks;  but  if 
we  examine  these  two  sets  of  rounded  and  easily  traversed 
mountains,  we  see  some  fundamental  differences.  The 
Appalachians  are  made  up  typically  of  ridges  (page  59), 
while  the  Adirondacks  are  typically  isolated  peaks  or 
groups  of  peaks.  These  differences  are  directly  traceable 
to  the  rock  structure.  Denudation  employs  delicate  tools 
in  the  sculpturing  of  the  earth,  and  in  the  course  of  its 
work  it  detects  differences  in  rock  hardness  with  wonder- 
ful precision.  The  weak  or  "soft"  layers  have  suffered 
greatly,  while  the  durable  or  "hard"  rocks  have  better  with- 
stood the  action  of  the  tools.  Consequently  hard  strata  are 
etched  out  in  relief  as  the  soft  ones  are  cut  more  deeply. 

The  Appalachian  rocks  are  sheets  of  sediment,  variable 
in  hardness  and  folded  into  waves,  as  we  might  fold  the 
pages  of  this  book.  Hence,  in  etching  such  layers,  denu- 
dation carves  ridges.  This  can  be  understood  by  bending 
a  series  of  sheets  of  card- board,  then  cutting  them  hori- 
zontally and  imagining  some  to  be  softer  than  others. 
The  soft  layers,  attacked  by  denudation,  are  lower  in  posi- 
tion than  the  harder  ones,  and  these  differences  in  texture 
are  expressed  in  ridges  and  valleys.  The  hard  strata  of 
the  Appalachians  have  resisted  denudation  and  are  now 
elevated.  Their  edges  extend  for  great  distances  with  rela- 
tively narrow  width,  and  the  resulting  typical  form  is 
therefore  the  ridge  (Figs.  10,  H,  12,  17  and  18). 

Among  the  Adirondacks,  on  the  other  hand,  the  rocks 
have  no  such  sedimentary  structure,  but  are  masses  of 
crystalline  rock,  intimately  and  complexly  associated. 
Hence  the  harder  portions  that  are  etched  into  relief  have 
no  such  linear  arrangement,  but  are  in  the  form  of  peaks 
or  groups  of  hills  (Figs.  8  and  108).  The  Appalachian 
type  of  mountain  might  be  called  the  sedimentary  type,  the 
Adirondacks  the  crystalline  type.1  We  will  speak  of  those 

'Some  mountains  of  crystalline  rocks,  such  as  those  of  New  England,  liave  the 
linear  or  ridge  form  of  topography,  and  sonic  massive  sedimentary  rocks  have  been 
carved  into  peaks  resembling  the  crystalline  type. 
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mountains  having  the  ridge  form  as  the  Appalachian  type, 
because  so  typically  represented  in  these  mountains;  and 
the  crystalline  type  of  peaks  may  be  called  the  Adirondack 
type. 

Having  contrasted  the  Adirondacks  with  other  well- 
known  systems  of  mountains,  it  remains  to  compare  them 
with  their  analogues.  Their  type  structure  is  that  of 
crystalline  mountains  of  rounded,  mature  form,  with  peaks 


FIG.   11.     The  Appalachian  ridges   (a  part  of  Harden's  model 
of  the  Anthracite  coal  region,  Pennsylvania). 

caused  by  the  etching  out  of  harder  areas  of  crystalline 
rocks.  The  White  Mountains  of  New  Hampshire  are  of 
the  same  type  exactly;  so  also  are  many  of  the  mountains 
of  the  Labrador  peninsula  and  the  Canadian  Highlands; 
and  the  same  type  is  found  in  the  Scottish  Highlands  and 
the  Scandinavian  peninsula.  In  New  England  there  are 
many  others  besides  the  White  Mountains  which  belong 
to  the  Adirondack  type.  Mount  Katahdin,  in  Maine, 
the  Blue  Hills  near  Boston,  and  many  other  peaks  and 
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groups  of  peaks  in   that  part  of  the   country  are  of  this 
type. 

But  we  cannot  properly  compare  the  Adirondacks  with 
all  the  New  England  mountains,  for  in  many  parts  of 
these  States,  as  well  as  in  New  Jersey,  eastern  Pennsyl- 
vania, and  the  more  southern  States  of  the  coast,  east  of 
the  Appalachian  ranges,  there  are  mountains  of  mature 
form,  composed  of  crystalline  rocks,  which  differ  from 
the  Adirondacks,  first  in  being  generally  less  elevated  and 


FIG.   12.     A  mountain  ridge  of  Appalachian  type  in  Colorado. 
(United  States  Geographical  Survey  Photograph.) 

less  diversified,  and  secondly  in  frequently  assuming  the 
form  of  ridges.  These  ridges  are  less  distinct  than  those 
in  the  Appalachians,  which  are  made  of  sedimentary  strata, 
and  they  are  often  so  dissected  that  they  approach  the 
Adirondack  type.  In  reality  they  belong  to  an  inter- 
mediate group  of  mountain  form,  in  which  the  character- 
istic feature  is  that  of  elongated  peaks  or  shortened  ridges 
(Figs.  ID  and  15).  The  mountains  of  this  type  may  be 
called  the  Berkshire  type,  because  they  are  well  illustrated 
in  the  mountains  which  were  formed  during  the  growth  of 
the  Taconic  and  other  ranges  in  eastern  New  Y'ork  and 
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western  New  England.     They  are  most  perfectly  illustrated 
in  the  Berkshire  Hills;  hence  the  proposed  name. 

The  Taconic  Mountains.1 — Before  the  dawn  of  the  Pale- 
ozoic time  mountains  existed  in  New  England  and  New 
Jersey,  as  well  as  in  the  more  southern  States.  The  sea 
which  bathed  the  Adirondacks  also  beat  against  the  foot 
of  these  more  eastern  mountains.  This  shore  line  passed 
somewhere  near  the  New  York  State  border.  Remains  of 
these  mountains  are  still  left  in  various  parts  of  New 
England,  where  they  form  mountains  of  true  Adirondack 
type.  By  their  long- continued  denudation,  sedimentary 
deposits  were  furnished  to  the  interior  sea;  and  during 
the  Cambrian  and  Lower  Silurian  periods  the  waste  of 
this  mountainous  laud,  and  of  the  Adirondacks,  was  strewn 
over  the  sea  bottom,  partly  within  the  boundaries  of  the 
State  of  New  York.  Similar  mountains  also  occupied  the 
site  of  the  greater  part  of  New  Jersey,  and  the  old 
Archean  land  probably  extended  to  the  eastward  of  the 
present  shore. 

The  close  of  the  Lower  Silurian  was  marked  by  a  re- 
growth  of  these  eastern  mountains;  but  the  new  rock- 
folding  involved  a  part  of  the  old  sea  bed,  and,  as  has 
been  stated,  at  the  same  time  caused  a  new  development 
of  mighty  mountain  ranges  in  western  New  England  (and 
probably  also  in  eastern  New  England)  and  eastern  New 
York.  Folds  of  great  complexity  (Fig.  14),  and  faults  of 
marked  extent,  raised  the  ocean  sediments  into  lofty 
mountains,  while  denudation  in  time  breached  these  into 
rugged  peaks  and  ridges.  Accompanying  this,  in  many 
parts  of  the  East,  volcanic  energy  broke  forth,  and  great 
sheets  of  lava  flowed  out  over  the  surface,  while  beds  of 
volcanic  ash  were  strewn  over  land  and  sea. 

As  in  the  case  of  the  Adirondacks,  the  later  history  of 
these  mountains  has  been  mainly  one  of  destruction  in  the 
air.  There  has  been  later  folding  and  elevation,  as  well 
as  depression;  but  the  great  post-Ordovician  work  has 


1  See  references,  p.  4. 
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(Sheffield) 

FIG.  13.     Map  of  part  of  Berkshire  hills,  western  Massachusetts.     Contours  every 
100  feet  (based  on  United  States  Geological  Survey  Topographic  Map). 

been  reduction  of  the  mountain  height;  denudation  has  so 
breached  the  ridges  that  now  their  very  foundations  are 
revealed,  and  their  internal  anatomy  exposed  to  view. 

By  the  study  of  the  basal  parts  of  these  mountains,  it 
is  seen  that  the  mountain  growth  was  more  extensive  in 
the  northern  than  in  the  southern  part,  and  that  it  also 
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increased  in  intensity  from  west  to  east.  This  is  proved 
by  the  fact  that  the  rocks  of  the  Green  Mountains  of 
Vermont  have  been  much  more  metamorphosed  than  those 

in  the  same  line  of 
folding  in  New  Jer- 
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sey,   and   that    the 

FIG.  14.  Cross  section  of  part  of  Berkshire  Hills  in  Strata  ill  the  Berk- 
western  Massachusetts  (Pumpelly,  etc.,  Monograph  shil'CS  of  MaSSadlU- 
XXIII,  United  States  Geological  Survey). 

setts     have     been 

more  highly  altered  than  those  of  the  Taconic  Mountains  just 
west  of  the  Berkshires.  In  some  places  this  metamorphism 
has  proceeded  so  far  that  gneisses  have  been  made  out  of 
conglomerate,  and  other  sedimentary  beds;  and  nearly 
everywhere  in  the  New  York- New  England  area  the  sedi- 
mentary strata  have  been  transformed  to  schists,  or  the 
sandstone  to  quartzite,  the  limestone  to  marble,  and  the 
shale  to  slate. 

Denudation  has  etched  these  complexly  altered  and 
folded  strata,  and  since  they  were  originally  deposited  as 
sheets  of  sediment,  though  now  greatly  changed,  the  fold- 
ing has  placed  

them  in  such 
a  position  that, 
like  the  Appa- 
lachians, they 
have  been 
carved  into 
ridges.  But 
the  complexity 
of  the  rock 
structure  and 
position  is 
greater  than  in 
the  Appalach- 
ians, and  hence  the  ridges  are  not  long  and  continuous, 
but  short  and  choppy,  with  many  intermediate  peaks  (Figs. 
10  and  15).  This  is  the  typical  Berkshire  type  (p.  51). 
There  is  a  mixture  of  the  sedimentary  and  the  crystalline 


FIG.  15.     A  short  ridge  showing  the  Berkshire  type, 
western  Massachusetts. 
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habits.  Thus,  in  general,  the  mountains  extend  in  ridges 
that  run  parallel  to  the  lines  of  folding  (usually  about 
north  and  south  in  New  England  and  New  Jersey) ;  but 
the  ridges  cannot  be  followed  for  a  great  distance.  The 
difference  between  the  Appalachian  and  Berkshire  types 
of  mountains  is  quite  like  the  difference  between  the  well- 
developed  ocean  swell  and  the  deep,  wind -broken  waves 
of  the  billowy  sea. 

The  Taconic  series  includes  mountains  of  varying 
height,  some  nearly  as  lofty  and  rugged  as  the  Adiron- 
dacks.  These  are  well  illustrated  in  the  Hoosac  Mountains 
of  western  Massachusetts  and  the  Green  Mountains  of  Ver- 
mont. In  other  parts  the  ridges  are  low  hills,  like  those 
in  the  southern  part  of  Connecticut  and  in  the  neighbor- 
hood of  New  York  City.  These  latter,  though  in  the  form 
of  low,  well-rounded  hills,  are  as  typical  mountains,  in  a 
geographic  sense,  as  are  the  peaks  and  ridges  of  the  Green 
Mountains.  The  difference  is  merely  that,  in  the  vicissi- 
tudes of  denudation,  the  former  have  been  lowered  nearly 
to  a  lowland  condition.  They  are  mountains  reduced  in 
elevation  nearly  to  sea -level.  If  the  rocks  that  once  cov- 
ered the  site  of  the  city  of  New  York  could  be  restored, 
they  would  doubtless  rise  into  peaks  rivaling  the  lofty 
mountains  of  the  world. 

Standing  upon  the  crests  of  the  hills  in  the  Highland 
Mountains  of  New  Jersey,  or  the  hilly  land  of  Connecticut 
or  central  Massachusetts,  we  see  that  the  peaks  and  ridges 
rise  to  a  moderately  uniform  elevation  (Fig.  16).  Descend- 
ing into  the  valleys,  the  mountains  are  seen  to  rise  hundreds, 
and  in  some  cases  a  thousand  or  more  feet  above  the  valley 
bottoms.  The  appearance  made  by  the  regular  crests,  viewed 
from  the  hill  tops,  is  that  of  an  undulating  plateau;  but 
in  the  valley  bottoms  one  appears  to  be  in  a  mountainous 
region  of  geographically  mature  form.  This  evenness  of 
elevation  is  all  the  more  remarkable  because  of  the  irreg- 
ularity of  the  rock  structure  and  position;  it  looks  as  if 
the  crests  were  merely  remnants  of  a  former  lowland, 
now  elevated  and  dissected.  This  supposed  lowland  has 
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been  called  a  peneplain^  and  the  most  forceful  proof  of 
this  former  nearly  level  condition  is  found  in  the  fact  that 
in  a  country  of  moderate  ruggedness,  and  of  complex  rock 
structure,  the  peaks  should  rise  to  a  nearly  uniform  level 
(Fig.  16). 

If  the  evidence  of  the  level  crests  is  to  be  believed, 
then  the  mountains  of  the  East  were  once  reduced  to  the 
much  lower  and  more  uniform  condition  of  late  maturity 


FIG.  10.     The  ancient  mountains  of  New  England,  showing 
peneplain  surface. 

or  even  extreme  old  age.  The  surface  of  all  the  land 
south  of  New  England  and  New  York  was  then  a  lowland. 
Elevation  afterward  lifted  the  beveled  mountains  and  per- 
mitted denudation  to  begin  upon  a  new  cycle  of  work. 
It  has  now  produced  the  present  low,  rounded  form,  indi- 
cating maturity  of  development  in  a  new  cycle.  By  this 
explanation  of  the  mountain  features,  it  is  necessary  to 
suppose  that  the  ancient  peneplain  has  been  lifted  higher 
in  northern  and  western  New  England  than  nearer  the  sea 
coast.  As  a  result  of  this  greater  uplift  the  high  moun- 
tains of  the  north  and  west  of  the  area  are  now  carved 
into  more  rugged  appearance  than  the  coastal  region.2 

1  Davis,  Amer.  Journ.  Sci.,  Ser.  Ill,  XXXVII,  1889,  430;  Proc.  Boston  Soc.  Nat. 
Hist.,   XXIV,   1889,  373;   Nat.   Geog.  Mag.,  II,  1895,  81;    National  Geographic  Mono- 
graphs, I,  269;  Bull.  Geol.  Soc.  Amer.,  VII,  1896,  377;  Tarr,  Amer.  Geol.,  XXI,  1898, 
351;  Davis,  Amer.  Geol.;  XXIII,  1899,  207. 

2  It  should  be  stated  that  I  am  not  convinced  of  the  full  truth  of  this  explanation, 
but  believe  that  it  should  he  modified  (p.  100). 
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Other  mountainous  areas  which  are  believed  to  have 
once  reached  the  old  age  condition  of  the  peneplain,  and 
later  to  have  been  lifted,  are  described  from  various  parts 
of  the  earth.  Besides  the  New  England  case  other  pene- 
plains have  been  described  in  New  Jersey  and  the  crystal- 
line region  east  of  the  Appalachians,  as  far  south  as 
Alabama.  In  Europe,  cases  are  reported  from  the  valley 
of  the  Rhine,  the  Scandinavian  peninsula,  the  Highlands 
of  Scotland,  etc.  From  the  numerous  instances,  it  would 
seem  that  in  the  Tertiary  period  there  was  a  widespread 
leveling  of  the  land,  which  indicates  that  over  large  areas 
there  was  a  general  freedom  from  extensive  elevation.  It 
would  also  seem  that  this  period  of  land  quiet  and  land 
lowering  was  succeeded  by  a  time  of  general  uplift  and 
deep  dissection. 

The  Berkshire  type  of  mountain,  especially  wrell  illus- 
trated in  western  Massachusetts  and  eastern  New  York,  is 
also  found  all  the  way  along  the  eastern  base  of  the 
Appalachians,  as  far  as  Alabama.  Undoubtedly  its  coun- 
terpart will  be  found  in  various  parts  of  the  earth,  in 
portions  of  all  the  great  areas  of  low  mountains  composed 
of  crystalline  rock.  The  type  may  be  looked  for  in  New 
England,  Labrador,  Greenland,  Scandinavia  and  Scotland; 
and  in  many  places  it  may  grade  into,  or  be  intimately 
associated  with,  the  Adirondack  type  of  mountain  struc- 
ture on  the  one  hand  and  the  Appalachian  type  on  the 
other. 

The  Kittatinny  Mountains.1 --The  folds  of  the  Appa- 
lachians involved  only  a  small  part  of  southeastern  New 
York.  The  broad  plateau  of  the  State  was  raised  and  the 
rocks  composing  it  were  slightly  folded;  but  in  one  part, 
in  Orange,  Sullivan  and  Ulster  counties,  ridges  of  distinct 
kind  enter  the  State  from  New  Jersey.  These,  given  vari- 
ous names,  are  the  continuation  of  the  Kittatinny  range 
of  New  Jersey. 

After  the   Taconic   Mountains  and  the   ranges   of  New 


'See    Mather,    Geology  of   New   York,    1st    District,    1843,    .155-7;    Darton.    Nat. 
Geog.   Mag.,   VI,   18<J4,  2:!-:J4;    New   York   State   Mu-.-um,    K.-|.oj-t  47,    1894,  485-566. 
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England  were  elevated,  near  the  close  of  the  Ordovician 
time,  the  sea  occupied  the  greater  part  of  New  York 
State,  and  continued  to  do  so  until  the  beginning  or 
middle  of  the  Carboniferous  period.  The  Taconic  Moun- 
tains, and  those  of  the  New  Jersey  Highlands,  formed  the 
eastern  boundary  of  this  sea,  and  at  that  time  the  site  of 
the  Appalachians  was  sea- bottom  near  the  eastern  shore 
line.  Then,  near  the  close  of  the  Carboniferous  time,  there 
came  an  uplift,  involving  the  New  England  region,  and 
extending  at  least  as  far  south  as  Alabama.  Sedimentary 
strata  were  folded  into  ridges,  sometimes  with  rock  folds 
and  faults  of  great  complexity,  but  generally  in  simple 
or  slightly  overturned  anticlines  •  and  synclines.  In  the 
greater  part  of  the  area  outside  of  New  England,  the 
folding  was  not  sufficiently  intense  to  greatly  metamorphose 
the  strata,  which  therefore  still  exist  as  sedimentary  layers 
of  conglomerate,  sandstone,  shale,  limestone,  etc.  (Figs. 
17,  18,  25  and  26). 

These  Appalachian  foldings  probably  affected  the  entire 
southeastern  part  of  the  State  of  New  York;  but  the  in- 
fluence upon  the  ancient  mountains,  which  were  uplifted 
in  Ordovician  times,  is  so  masked  that  it  is  difficult  to 
detect.  It  is  in  Pennsylvania  that  the  Appalachian  ridges 
are  most  typically  developed  (Figs.  10  and  11),  and  some 
of  these  enter  New  Jersey  and  cross  into  New  York.  Of 
these  the  most  notable  are  the  Kittatinny  Mountains, 
which,  at  the  New  Jersey -Pennsylvania  line,  are  traversed 
by  the  Delaware  River,  where  it  passes  through  its  famous 
"Gap."  Folded  rocks  here  stand  tilted  at  a  high  angle 
with  the  strike  extending  in  a  northeast  direction.  These 
mountain  ridges  are  capped  by  a  hard  layer  of  conglom- 
erate, and  rise  to  a  wonderfully  uniform  level. 

This  range  grades  westward  into  less  and  less  folded 
strata,  and  finally  the  folds  give  place  to  nearly  undis- 
turbed horizontal  layers  (Fig.  26),  just  as  they  do  in  Penn- 
sylvania west  of  the  Appalachian  chain.  In  New  York  the 
folds  also  die  out  toward  the  north.  Hence,  pronounced 
in  New  Jersey,  the  ridges  become  less  notable  in  New 
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York,  and  finally  practically  disappear  in  Ulster  County. 
There  they  merge  into  and  give  place  to  an  escarpment  of 
Helderberg  limestone,  forming  the  so-called  Helderberg 
Mountains  of  Albany  County. 

These  foldings  tilted  the  horizontal  strata  and  elevated 
them  into  mountains;  denudation  sculptured  and  lowered 
them,  and,  it  is  be- 
lieved, even  reduced 
the  mountains  to  a 
lowland  of  moder- 
ate level,  like  the 
peneplain  of  New 
England.  When,  in 
late  Tertiary  times, 
New  Enland  and 


PIG.  17 


the  neighboring  re- 
g  i  o  n  s  were  ele- 
vated, the  Appa- 
lachians were  again 
raised,  not  perhaps 
by  folding,  but  by 
a  slow  uplift,  which, 
giving  new  life  to 
the  streams,  and  new  power  to  the  agencies  of  the  weather, 
permitted  the  sculpturing  of  the  rocks  anew.  The  softer 
layers  were  removed  and  the  harder  ones  left  standing  in 
relatively  prominent  position.  Since  the  ocks  are  tilted 
layers  or  sheets,  this  sculpturing  commonly  caused  ridges 
where  harder  strata  occurred,  and  valleys  where  softer  beds 
existed  between  them.  This  is  the  characteristic  Appalachian 
type  of  mountains,  and  it  is  seen  in  the  Kittathmy  Moun- 
tains of  New  Jersey  and  the  Shawangunk  Mountains  of 
New  York  (Fig.  17).  Sometimes  the  durable  rock  at  the 
crest  of  the  ridge  is  conglomerate,  at  other  times  sand- 
stone, and  still  again,  as  in  the  Shawangunk,  a  limestone 
of  dense  and  resistant  nature.  Upon  these  ridges  ono  may 
often  travel  for  miles  at  a  nearly  uniform  level. 

So  the  mountain  ridges  of  the  Appalachian  type  in  New 
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York,  represent  mountains  of  mature  form,  without 
great  relief,  but  with  moderate,  easily  scaled  slopes, 
quite  in  contrast  to  Alpine  or  Andean  ruggedness. 
S      They  have   passed  the  stage  of  rugged  youth,  but 

0  their   maturity    of   form   is  that    of   a   new   cycle; 
£     for  formerly  they  were  more  reduced,  and  now  they 
«     have  advanced   as   far   as  maturity   in   a   new  life 

history,  made  possible  by  elevation. 

The  stage  of  mature  development  is  found  in 
'|»  many  of  the  mountains  of  the  world.  (See  page 
|  47.)  It  is  especially  well  shown  in  the  entire  Ap- 
g  palachian  chain.  The  type  of  mountain  form  called 
|  the  Appalachian,  whose  characteristic  feature  is 
"2  the  ridge  of  sedimentary  rock,  made  into  a  ridge 
£  because  of  the  resistant  nature  of  some  of  the  beds, 
«  is  seen  all  through  the  Appalachians  (Figs.  10  and 
I"  11).  The  ridges  are  etched  into  moderate  relief 
~  by  denudation,  and  the  slope  is  more  gentle  on  the 

u 

side  toward  which  the  layers  dip  than  on  the  op- 
posite face  (Fig.  19).  In  the  Sierra,  the  Coast 

|  Ranges,  Basin  Ranges,  and  Rocky  Mountains  of  the 
West  (Figs.  12  and  19)  it  is  a  common  type,  as  it  is 

•g  in  the  Andes,  the  Himalayas,  the  Alps,  Jura  and 
a  multitude  of  other  mountains  of  the  world. 

"g      There  is  much   difference,  however,  in  the   details 

c3 

»  of  form,  due  to  differences   in  rock  complexity  or 

§  to  age  and  consequently  to  degree  of  development. 

|  The  typical  Appalachians  are  mature  in  geographic 
form.  But  among  many  of  the  younger  mountains 

|  mentioned  above  (the  Andes,  etc.),  the  time  for  the 

^  action  of    denudation   has    not    been    sufficient    to 

|  carry  the  topographic   outline  far  enough   for  the 

•S  thorough  development  of  the  type  features.     In  ori- 

|  gin  and  rock  structure  they  are  of  the   same   type 

1  as  the  Appalachians;    but  they  are  not  sufficiently 
^  mature  for  the  full  development  of   all  their  latent 
«  possibilities.     Given  time,  they  will  become  so,  for 

2  they  are  of  the   same   geographic   family.     But  in 
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many  cases  the  development  of  the  ridge  form  cannot  at- 
tain the  perfection  found  in  the  Appalachians  because  the 
rock  structure  is  far  too  complex. 

Tlie  Palisade  Ranges.1 — When  a  much  more  durable 
rock  occurs  among  softer  ones,  in  the  course  of  denuda- 
tion it  will  remain  well  above  the  general  level  of  the 
others.  It  is  up- 
on this  principle 
that  the  rugged- 
ness  and  many 
of  the  character- 
istic features  of 
mountains  d  e  - 
pend.  In  New 
Jersey  there  is  a 
series  o  f  such 
dense  beds  of 
unusual  kind, 
and  one  of  these 
enters  the  State 
of  New  Y  o  r  1: 
along  the  west- 
ern bank  of  the  Hudson,  from  Upper  Bay  to  Haverstraw. 
These  are  beds  of  trap  rock,  a  black,  dense  diabase,  which 
is  decidedly  more  durable  than  the  enclosing  sandstone 
strata.  In  New  York  the  diabase  forms  the  Palisades,  in 
New  Jersey  several  ranges  of  hills  or  low  mountains,  nota- 
bly those  along  the  Hudson,  near  Hoboken,  and  also 
those  near  Paterson,  Orange  and  other  parts  of  northeast- 
ern New  Jersey. 

During  the  Triassic,  eastern  New  Jersey  was  beneath 
the  sea.  An  arm  of  the  ocean  also  extended  up  the  Con- 
necticut at  least  as  far  as  the  Vermont  boundary;  and  at 
the  same  time  various  other  parts  of  the  Eastern  States 
were  submerged.  Beds  of  sandstone  and  shale  were  de- 
posited in  nearly  horizontal  position  in  these  ocean  bays. 
At  the  same  time,  in  the  Connecticut  valley,  and  perhaps 


FIG.  19.     A  mountain  ridge  in  western   Canada. 
(Notman,  Photographer). 


1  Sec  references,  p.  2. 
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FIG.  20.     The  Palisades  of  the  Hudson. 


also  in  New  Jersey,  volcanoes  sent  forth  flows  of  basaltic 
or  diabasic  lava,  which  entered  the  seas  and  covered  the 
sands  and  clays,  very  much  in  the  same  way  as  the  basalt 
of  the  Hawaiian  volcanoes  is  doing  now.  These  lava 

sheets  were  then 
buried  beneath  other 
sandstone  beds  de- 
posited in  the  sea. 

Approximately  at 
the  same  geological 
time,  or  possibly  a 
little  later,  lava  ris- 
ing toward  the  sur- 
face- was  forced  into 
the  sandstone,  be- 

^^^__    tween    the   layers    of 

which  it  spread  out  in  extensive  sheets.  In  this  way  the 
trap  of  the  Palisades  was  introduced  into  the  rocks.  After 
this  the  Triassic  beds  of  sandstone,  with  their  included  lava, 
were  elevated  above  the  sea,  broken  by  faults  and  tilted 
from  the  horizontal  position,  so  that  there  were  produced 
alternate  beds  of  lava  and  sandstone,  inclined  at  various 
angles.  The  forces  of  denudation  have  removed  much 
material  from  this  series  of  rocks,  and  have  etched  the 
harder  lavas  into  relief,  so  that  they  now  stand  up  dis- 
tinctly above  the  surrounding  country.1  In  topographic 
form  they  simulate  the  Appalachian  type  in  the  fact  that 
they  are  usually  ridges,  though  the  ridges  are  less  con- 
tinuous, and  also  more  curving,  generally  with  a  diminu- 
tion in  elevation  at  one  end  (Fig.  21). 

This  may  be  called  the  Palisade  type  of  mountain, 
because  typically  illustrated  there.  Aside  from  the  in- 
stances mentioned  in  New  Jersey,  this  type  finds  illustra- 
tion also  in  the  East  and  West  Rocks  near  New  Haven, 
Connecticut,  the  Hanging  Hills  near  Meriden,  Connecticut, 


1  Like  the  other  mountains  of  the  East,  the  crests  of  these  rise  to  a  nearly  uni- 
form sky-line,  which,  as  in  the  other  cases,  has  been  interpreted  to  represent  the 
remnants  of  the  ancient  lowered  land,  or  peneplain. 
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Mounts  Tom  and  Holyoke  in  Massachusetts,  and  Cape 
Blomidon,  Nova  Scotia.  The  typical  feature  is  that  of  a 
ridge,  or  a  series  of  ridges,  of  tilted  trap  rock,  either 
lava  flows  or  intrusions,  [etched  into  relief  as  are  the 
ridges  of  harder  rocks  in  other  mountains.  They  differ 
from  the  true  Appalachian  type  in  the  fact  that  they  are 
monoclinal,  and  that  the  ridges 
are  not  associated  with  anticlinal 
and  synclinal  folds.  Frequently, 
if  not  always,  the  uplift  is  due 
to  faulting.  This  is  noticeably 
the  case  in  the  Connecticut  val- 
ley, as  has  been  so  clearly  shown 
by  Professor  Davis.1  In  passing 
over  this  interesting  phase  in  the 
geographic  history  of  the  State, 
it  should  bs  stated  that  the  old 
volcanic  centers  from  which  the 
lavas  came,  including  the  cones, 
if  any  ever  existed,  have  long 
since  been  lowered  by  denuda- 
tion. That  the  volcanic  energy 

°~         FIG.  21.      Trap    ridges  (black)  m 
WaS    Widespread    in    itS    effects,    is  Connecticut   valley.       (Dana's 

shown   by    the    fact    that,    from          Text  Book  of  Geol°gy.  after 

J  J.G.  Percival.) 

Nova    Scotia   to   Carolina,   dikes 

of  this  black  trap  rock  cut  the  strata.  The  volcanic  ac- 
tivity was  not  manifest  far  west  of  the  present  coast  line 
of  New  York,  but  seems  to  have  been  most  intense  ap- 
proximately along  that  line.  Dikes,  possibly  of  the  same 
age,  are  found  cutting  the  Devonian  shale  near  Ithaca, 
N.  Y.  They  abound  in  the  Highlands  of  New  Jersey  and 
of  New  England  and  in  the  Champlain  valley  and  the 
Adirondacks. 


'Davis,  Seventh  Annual  Report  U.  S.  Geol.  Survey,  1885-6,  455;  Davis  and 
Whittle,  Hull.  Mus.  Comp.  Zool.,  XVI,  1889,  99;  Davis  and  Loper,  Bull.  Geol.  Soc. 
Amer.,  II,  1891,  415;  Davis  and  Griswold,  Hull.  Geol.  Soc.  Amor.,  V.  1894,  515;  Davis 
Amer.  Jonrn.  Sci.,  Ser.  IV.  I.  1;  Davis,  Pop.  Sci.  Monthly,  1891,  221.  See  also 
Percival,  Geology  of  rmmcrticut.  1ML',  299;  Dana.  Manual  of  Geology,  4th  Ed.,  1895, 
800;  Emerson,  Bull.  Geol.  Soc.  Amer.,  II,  1891',  451. 
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FIG.  22.    Map  of  part  of  Catskill  mountains,  contours  every  500  feet.     (Made 

from  United  States  Geological  Survey  Topographic  Map.) 

The  Catskill  Mountains.1  —  As  was  stated  on  page  41, 
these  are  not  true  mountain  ranges  but  rather  pseudo- 
mountains.  During  the  Devonian  period,  just  before  the 
uplift  of  the  great  interior  Paleozoic  sea  which  accom- 
panied the  development  of  the  Appalachians,  the  site  of 

1  See  references,  p.  7. 
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the  Catskills  was  the  shore  line  of  a  sea -bottom  that  was 
slowly  sinking.  The  land  side  of  the  shore  was  occupied 
by  the  Taconic  Mountains,  from  which  sediment  entered 
the  sea,  where  it  was  strewn  over  the  bottom  in  the  region 
where  the  Catskill  Mountains  now  rise.  Here,  near  the 
coast,  coarse  beds  of  sandstone  and  conglomerate  were 
accumulated,  while  further  west,  shales  and  sandy  shales 
were  being  deposited.  The  sinking  of  the  sea -bottom 
permitted  these  beds  to  gather  to  great  depth.  Then, 
when  the  reverse  process  of  elevation  had  commenced,  the 
sea -bottom  was  raised  to  dry  land,  and  eventually  uplifted 
to  the  condition  of  a  plateau.  Possibly  the  uplift  in  the 
Catskill  region  was  greater  than  that  in  central  New  York, 
although  of  this  there  is  no  direct  proof.  But  in  both 
places  the  elevation  was  accompanied  by  very  little  dis- 
turbance of  the  strata,  so  that  in  the  two  parts  of  the 
State  the  upper  Paleozoic  beds  are  still  nearly  horizontal. 

This  great  New  York -Pennsylvania  plateau,  which 
borders  the  western  base  of  the  Appalachians,  is  now  con- 
siderably dis- 
sected. While 
in  most  parts 
it  is  a  fairly 
level  plateau, 
as  viewed  from 
the  higher 
hills,  it  is, 
nevertheless, 
deeply  cut  by 
broad  valleys. 

This  is  true  throughout  the  State;  but  in  the  Catskill  Moun- 
tains the  topography  is  much  more  rugged  and  more 
mountainous  than  elsewhere.  Denudation,  operating  upon 
hard  rocks  of  nearly  horizontal  position,  lias  carved  out  a 
complex  of  peaks  (Fig.  22),  which,  because  of  the  superior 
hardness  of  their  rocks,  rise  higher  than  the  rest  of  the 
plateau. 

As    might    be    expected    from    the    association    of    the 

E 


Fi<;.  21!.  Cross  sections  showing  Catskills  in  Ulster  county 
in  New  York,  and  the  Shawangunk  mountains  on  the 
right  in  the  lower  figure.  Catskills  capped  by  hard  sand- 
stone layers  (Darton,  47th  Report,  New  York  State  Mu- 
seum, 1894). 
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Catskills  with  the  Appalachian  uplift,  the  horizontal  rocks 
of  the  higher  and  more  typical  portion  of  the  Catskill 
region  change  gradually  (Fig.  23),  toward  the  south  and 
east,  into  a  region  of  disturbed  rocks,  thus  merging  into 
the  true  Appalachians.  In  these  sections  of  the  State 
there  is  every  gradation  from  the  plateau  feature  to  the 
true  folded  mountain.  The  counterpart  of  the  Catskills  is 


Fig.  24.  The  Helderberg  "mountain  "  where  the  durable  horizontal 
Helderberg  limestone  outcrops,  forming  a  pronounced  escarpment, 
giving  rise  to  the  name  mountain. 

found  in  various  parts  of  the  mountainous  plateau  region 
on  the  border  between  the  Appalachians  and  the  real 
plateau  which  lies  west  of  their  base.  This  is  notably  the 
case  in  the  Cumberland  plateau  in  Tennessee.  The  same 
features  are  present  in  innumerable  places  in  the  great 
plateau  region  of  the  Far  West. 

This  case  of  the  Catskills  is  an  interesting  instance  of 
the  simulation  of  features  of  one  geographic  type  by 
another  of  quite  a  different  kind.  The  life  history  of  a 
mountain  range  involves  folding  and  uplift  of  the  rocks 
into  complex  topographic  features.  At  first  denudation  in- 
creases the  complexity,  and  brings  out  the  variations  in 
rock  texture  into  markedly  rugged  contrast.  The  tilted 
position  of  the  layers,  and  other  complexities  of  rock 
structure,  increase  this  irregularity.  Then  as  denudation  con- 
tinues, the  ruggedness  decreases,  and  the  surface  is  made 
smooth,  while  the  elevation  is  thereby  diminished.  This 
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may  proceed  until  old  age,  when  the  form- 
erly irregular  surface  becomes  reduced 
nearly  to  the  condition  of  a  plain. 

So  also  the  plateau,  with  horizontal 
rocks  of  varying  hardness,  commencing 
as  a  level  surface,  is  etched  by  the  agen- 
cies of  denudation,  and  becomes  more 
and  more  rugged  and  mountainous,  until 
finally  it  so  closely  simulates  the  true 
mountain  that  in  common  usage  it  takes 
the  name  of  mountain.  Then,  in  this 
case  also,  as  denudation  proceeds,  there  is 
first  produced  a  less  rugged  surface,  and 
filially  a  plain.  In  the  middle  and  final 
stages  these  two  diverse  forms  resemble 
each  other  in  surface  outline,  though  so 
utterly  different  in  internal  structure 
and  origin. 

The  difference  between  the  typical 
Catskill  type  of  mountain  and  the  Alpine 
ranges  of  highly  folded  rock,  is  striking, 
when  we  consider  the  extremes.  But 
there  is  no  hard  and  fast  line  to  be 
drawn  between  the  two.  By  degrees  the 
folds  of  the  mountains  die  out  toward 
the  border  of  the  plateau  and  change 
from  tilted  to  horizontal  strata  quite  im- 
perceptibly (Pigs.  23,  25  and  2f>).  Where 
in  this  gradational  area  are  we  to  define 
the  boundary  between  the  mountain  and 
plateau  ?  For  instance,  is  the  Lookout 
Mountain  (in  the  vicinity  of  Chattanooga, 
Tennessee),  with  its  nearly  horizontal 
limestone  capped  by  sandstone,  a  moun- 
tain or  a  plateau?  It  is  a  part  of  a 
broad  syncline,  and  it  is  quite  flat-topped 
and  elevated  because  of  the  greater  resist- 
ance of  the  upper  sandstone  beds.  Calling 
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this  a  true  mountain,  as  we  apparently  must,  what  of 
Walden  Ridge  (Fig.  26),  to  the  west  of  Lookout?  This 
is  still  gently  folded,  but  it  is  a  much  broader  and  more 
typical  plateau.  Still  to  the  west  of  this,  and  west  of  the 
Sequachee  valley,  is  the  Cumberland  Plateau,  where  the 
rocks  are  nearly  horizontal,  and  practically  beyond  the  zone 
of  folding.  No  doubt  this  should  be  called  a  plateau  and 
Walden  Ridge  probably  a  mountain;  but  wherein  lies  the 
essential  difference  ? 

Here,  as  nearly  everywhere,  the  geographer  who  would 
classify  is  confronted  by  the  difficulty  that  we  wish  to  draw 
distinctions  where  none  really  exist.  The  typical  species  of 
animals  and  plants,  or  of  minerals  and  rocks,  or  of  geo- 
graphic forms,  are  easily  separated  and  defined;  but  when 
we  examine  them  further,  we  find  them  grading  one  into 
the  other.  Then  the  definition  no  longer  defines,  nor  can 
the  distinction  longer  be  followed. 


CHAPTER  III 

PLAINS    AXD    PLATEAUS 

DEFINITION. — A  plain  is  a  level  tract  of  country,  and  it 
is  customary  to  limit  the  term  to  level  tracts  not  high 
above  the  sea,  while  those  that  are  elevated  are  called 
plateaus.  Naturally  this  distinction  has  little  if  any  mean- 
ing, even  in  common  usage;  for  there  are  many  so-called 
plateaus,  such  as  that  on  the  western  side  of  the  Appa- 
lachians, which  are  less  elevated  than  the  "plains"  of  the 
West.  Therefore  I  do  not  consider  it  worth  the  while  to 
attempt  to  maintain  the  distinction  in  this  article.  Plains 
and  plateaus  are  of  the  same  genus,  the  difference  arising 
chiefly  out  of  the  difference  in  elevation  and  the  results 
which  this  makes  possible. 

LIFE  HisxoEY.1- -Both  plains  and  plateaus,  in  their 
typical  form,  are  notably  level  areas;  but  a  plain  that  for 
any  reason  begins  as  a  level  tract,  will,  if  opportunity 
offers,  become  irregular.  Upon  its  surface  water  will  flow; 
and  this,  if  high  enough  above  sea -level,  will  of  necessity 
cut  channels.  Consequently  the  plain  will  begin  to  be  dis- 
sected, and  if  it  is  a  plateau  high  above  sea -level,  it  may 
be  so  deeply  carved  that,  like  the  Catskills  (p.  (35),  it  be- 
comes so  mountainous  that  people  class  it  among  moun- 
tains. Therefore  in  the  development  of  a  plain  from  an 
original  fairly  level  condition,  greater  and  greater  irregu- 
larity is  introduced,  until  the  plain  becomes  a  hilly,  or,  it 
may  be  so  far  as  differences  in  level  go,  even  a  moun- 
tainous country. 

At  first1  the  streams  cut  steep-sided  valleys:  to  shallow 
depths  if  the  plain  is  low,  but  as  great  canyons  if  on  a 
high  plateau.  This  is  because  the  streams  cut  rapidly 

'Davis,  Proc.  Amer.  Assoc.  Adv.  Sei.  XXXIII.   1884.  4t_)8-:!L>. 
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along  their  channels  and  carve  valleys  only 
slightly  wider  than  themselves.  But  the 
weather  is  at  work  all  the  time,  and  this 
broadens  the  valleys,  making  them  less 
angular.  Yet  so  long  as  the  stream  can  cut 
into  its  bed,  its  action  is  more  marked  than 
that  of  weathering,  and,  although  the  val- 
ley broadens,  it  still  remains  a  gorge  or 
canyon.  In  time,  however,  the  stream  cuts 
so  low  that  further  deepening  is  either 
greatly  checked  or  wholly  stopped.  Weath- 
ering, however,  continues  to  broaden  the 
valley  which  is  no  longer  being  deepened, 
and  this  carving  of  the  plain  in  time  pro- 
duces broadly  sloping  valleys  and  gently 
rounded  hills.  This  stage  is  reached  much 
more  quickly  in  a  moist  than  in  a  dry  cli- 
mate, because  the  agents  of  weathering  are 
more  active  in  the  former  than  in  the  latter. 
This  is  one  of  the  reasons  why  the  plateaus 
of  the  arid  West  are  crossed  by  rugged 
and  narrow  canyons,  while  that  near  the  base 
of  the  Appalachians  is  carved  into  rounded 
hills  and  valleys. 

Beyond  the  stage  just  mentioned  the 
development  is  slow;  but  since  the  streams 
can  cut  no  deeper,  while  weathering  is 
constantly  lowering  the  surface,  there  is  no 
other  end  than  the  ultimate  reduction  of  the 
surface  to  a  level  condition,  provided  the 
land  stands  quietly  and  nothing  occurs  ex- 
cepting this  normal  work  of  water  and 
weather.  The  plain,  at  first  roughened  by 
these  causes,  becomes  more  and  more 
smooth,  after  a  certain  stage  is  reached, 
until  in  the  end  it  will  actually  become  a 
plain  again,  as  at  the  start,  though  this 
time  with  the  surface  near  sea -level.  It 
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happens  that  the  land  is  in  move- 
ment, and  that  other  changes  may 
occur  to  interrupt  this  development, 
so  that  the  full  cycle  is  rarely,  if 
ever,  completed.  Of  young  plains 
(A  and  B— Fig.  28),  that  is,  those 
newly  formed,  there  are  many;  of 
mature  plains  (C — Fig.  28),  that  is, 
those  considerably  dissected,  there 
are  also  great  numbers;  but  of  old 
plains  (D — Fig.  28) ,  those  that  have 
passed  into  a  second  childhood, 
there  are  no  perfect  examples  known 
with  the  possible  exception  of  some 
that  are  buried  beneath  sedimentary 
layers.  The  rate  of  development 
from  youth  to  old  age,  as  well  as  the 
intensity  and  variety  of  surface  form 
produced,  will  vary  greatly  with  the 
elevation  above  the  sea,  the  kind 
of  rock,  whether  hard  or  soft,  the 
slope  of  the  surface,  and  the  cli- 
mate. 

CLASSIFICATION  OF  PLAINS.'  — 
There  are  two  great  classes  of 
plains,  those  that  have  resulted 
from  destruction  of  land  and  those 
that  have  been  built  up,  or  con- 
structed. The  former  may  be  called 
destruction al,  the  latter  construc- 
tional. Both  classes  may  be  made 
by  several  causes,  such  as  the  ac- 
tion of  the  sea,  of  lakes,  of  rivers 
and  of  glaciers.  Plains  produced 
by  these  causes  may  be  called  Ma- 


1  See  also  D.-ivis,  |>roc.  Anier.  Assoc.  Adv.  Sci. 
XXXIII,  ISM,  IL'S-:;L';  IWHl,  Nat.  Geog.  Dlonog., 
Vol.  I,  1890,  34. 
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rine,  Lacustrine,  Fluviatile,  and  Glacial.  When  a  glacier 
is  ending  on  the  land,  its  melting  furnishes  both  water  and 
sediment  in  amounts  quite  different  from  that  which  would 
come  under  more  normal  conditions  of  water  action.  The 
action  of  this  ice -furnished  water  may  build  plains,  as  well 
as  carve  them,  and  these  may  be  called  Glacio-fluviatile 
plains.  Volcanic  action,  by  outpouring  lava  or  volcanic 
ash,  may  build  Volcanic  plains.  During  the  general  wear- 
ing down  of  the  surface,  by  the  action  of  denudation, 
plains  may  be  formed  by  the  important  agents  of  destruc- 
tion included  in  this  term.  Plains  originating  from  either 
one  of  these  causes  may  be  newly  formed,  and  hence 
young,  or  they  may  become  mature,  or,  theoretically,  any 
one  may  have  passed  to  the  stage  of  old  age.  These  facts 
are  graphically  stated  in  the  following  table,  to  which  are 
added  the  names  of  some  of  the  chief  subdivisions: 

CLASSIFICATION    OF    PLAINS 


CONSTRUCTIONAL. 
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Marine. 

Salt  marshes.     Deltas. 
Filled  bays. 
Eaised  sea-bottoms. 

Wave  cut  plains. 

Lacustrine. 

Fresh  water  marshes.    Deltas. 
Filled  lakes. 
Lake  bottom  plains. 

Wave  cut  plains. 

Fluviatile. 

Floodplains. 
Terraces. 

River  cut  plains. 
Terraces. 

Glacial. 

Till  plains. 

Ice-scoured  plains. 

Glacio- 
Fluviatile. 

Gravel  -filled  valleys. 
Overwash  plains. 
Terraces. 
Deltas. 
Sandplains. 

Same  as  Fluviatile. 

Volcanic. 

Lava  flows. 
Ash  fields. 

None. 

Plains  of 
Denudation. 

All  of  the  above  excepting 
volcanic. 

Plains  in  horizontal  rocks 
Peneplains. 
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CONSTRUCTIONAL     PLAINS 

MARINE  PLAINS. — Along  a  very  large  part  of  the  sea- 
coast  line  of  New  York,  salt  marshes  are  in  process  of 
construction,  and  one  finds  every  gradation,  from  a  bay  to 
an  extensive  marsh.  This  coast  line,  which  is  mostly 
that  of  Long  Island,  is  very  irregular,  and  the  indenta- 
tions have  chiefly  resulted  from  a  recent  sinking  of  the 
land,  which  has  allowed  the  water  to  enter  the  valleys.  As 
a  result  of  this  sinking  the  Hudson,  and  many  of  the 
streams  of  Long  Island,  enter  the  sea,  not  over  deltas,  but 
at  the  head  of  small  bays.  These  partly  protected  inden- 
tations do  not  receive  the  full  force  of  the  ocean  waves, 
and  hence  the  sediment  that  is  dragged  down  from  the 
land  by  rain -wash  and  by  rivers,  is  not  removed  by  sea 
action,  but  accumulates  on  the  bed  of  the  bays,  tending 
to  fill  them.  To  this  source  of  sediment  is  added  that 
pushed  into  the  bays  by  the  ocean  waves  and  currents. 
An  even  more  important  reason  for  the  protected  condi- 
tion along  a  large  part  of  the  coast  of  Long  Island  is  the 
construction  of  bars  of  sand  by  wave  and  wind  action. 
The  greater  portion  of  the  south  shore  of  this  island  is 
largely  shut  in  by  sand  bars,  or  beaches,  at  some  distance 
from  the  true  land  margin,  or  the  old  land.  The  new 
coast  is  therefore  straighter  than  the  old,  and  the  space 
between  the  old  and  new  land  is  occupied  by  protected 
bays  and  sounds.  From  here  southwards  to  the  Kio 
Grande,  excepting  at  the  southern  end  of  the  Florida 
peninsula  and  the  delta  of  the  Mississippi,  these  same  con- 
ditions exist. 

Delta  Plains. — Where  streams  enter  these  bays  they 
deposit  their  sediment  very  nearly  at  the  place  where  the 
current  is  checked  upon  entering  the  quiet  water.  The 
continual  dumping  of  material  here  will,  in  time,  build 
marine  delta  plains.  Layer  upon  layer  is  deposited,  and 
the  delta  grows  outward  into  the  bay,  with  a  level 
upper  surface  and  a  steep  front  under  the  water,  upon  tin- 
face  of  which  sheets  of  sediment  accumulate  at  a  steep 
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angle  (Fig.  29).  Thus,  built  as  a  plain,  which  is  a  part 
of  the  seashore,  it  cannot  grow  far  above  sea -level.  It 
must  be  a  nearly  dead-level  plain,  and  when  the  stream 

which  is  building  it,  and 
which  extends  out  over 
it,  is  in  flood,  the  nearly 
horizontal  river  channel 
cannot  contain  all  the 

FIG.  29.     Ideal  section  of  a  delta. 

water  that  is  supplied. 

Therefore  the  water  overflows  the  delta  and  deposits  upon 
its  surface  a  horizontal  layer  of  sediment,  so  that  the 
plain  is  actually  built  a  slight  distance  above  sea -level, 
as  is  the  case  in  the  delta  of  the  Mississippi.  Being  gen- 
erally enclosed  between  hill  slopes,  sediment  is  washed 
from  the  sides.  In  such  cases  the  delta  is  a  plain  slop- 
ing from  the  valley-  sides  toward  the  middle,  as  well  as 
from  its  head  to  its  margin,  which  is  really  some  distance 
under  water,  where  it  terminates  in  a  terrace  front  that 
is  constantly  being  extended  seaward. 

Such  a  delta  plain  is  very  level,  but  yet  is  marked  by 
some  depressions  and  elevations.  Near  the  stream  channel, 
and  elsewhere,  where  more  deposit  is  made,  the  surface 
rises  above  the  general  level.  Furthermore,  the  river  may 
enter  the  sea  through  two  or  more  mouths,  or  distributaries 
(Fig.  30).  Now  and  then  it  abandons  one  of  these,  or 
changes  its  course,  thus  leaving  the  old  channel  and  carv- 
ing a  new  one.  Then  the  abandoned  channel  becomes  a 
bayou,  and  later,  cut  off  from  the  sea  and  river  by  the 
deposit  of  sediment,  may  become  a  lake.  But  these  are 
all  minor  irregularities  in  a  plain  of  remarkably  uniform 
general  level. 

Filled  Bays. —  Fine  sediment  brought  by  the  rain  and 
the  small  streams,  as  well  as  some  of  that  coming  from 
the  large  rivers,  together  with  some  of  wave  origin,  drifted 
about  by  tidal  currents,  is  strewn  over  the  bed  of  the  bay. 
This  is  deposited  quite  irregularly,  according  to  the  rate 
of  supply  and  the  velocity  of  the  current,  which  vary  from 
place  to  place.  If  this  filling  continues  long  enough,  the 
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FIG.  30.  Map  of  a  delta  at  the  head  of  Galveston  Bay,  Texas,  where  the  Trinity 
river  enters.  Note  the  shallownes.s  of  the  water  near  the  delta  and  in  Turtle 
Bay  (from  United  States  Coast  Survey  Chart  204). 

effect  is  to  transform  the  bay  to  a  level  plain  (a  filled  lay), 
whose  elevation  is  approximately  that  of  the  sea- level,  at 
which  level  further  deposit  is  greatly  checked  and  finally 
stopped. 

Salt  Marsh  Plains  (see  also  pp.  324-328)  .  —  This  work 
of  bay-filling  is  greatly  aided  by  the  action  of  marine 
plants.1  When  any  portion  has  risen  nearly  to  the  low- tide 
mark,  eel  grass  commences  to  grow,  and  this,  by  chocking 
the  velocity  of  the  tidal  current,  adds  to  the  shallownoss, 
which  is  still  further  increased  by  the  death  of  the  eel 
grass  itself,  as  well  as  by  that  of  the  animals  which  it 
supports.  This  continues  about  to  the  low-tide  level,  where 
the  eel  grass  ceases  to  be  able  to  thrive.  Above  this  there 
is  a  lumvii  /one  up  to  the  level  of  the  mid-tide,  where 


,  sixth  Annual  Kept.  1*.  s.  <;.-oi.  Survry.  iss:>.  ::r,::-::'.is. 
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other  plants,  the  salt  marsh  grasses,  commence  to  thrive, 
with  the  same  results.  Salt  marsh  plants  grow  upon 
a  salt  swamp  up  to  the  level  of  the  highest  tide,  and  as 
a  result,  extensive  plains  are  being  built  by  their  aid 
in  the  enclosed  bays ;  and  in  some  places  these  salt 


FIG.  31.  A  nearly  filled  bay,  just  south  of  Brooklyn,  almost  enclosed  behind  a  bar 
called  Rockaway  Beach.  Very  notable  development  of  salt  marsh,  represented 
by  the  dotted  shading  (from  Brooklyn  Sheet,  United  States  Geological  Survey). 

marshes  extend  from  the  ocean  beach  or  bar  to  the 
margin  of  the  old  land  (Fig.  30).  They  are  then  re- 
markably level  marine  swamps,  with  minor  irregularities, 
covered  at  very  high  tide,  but  exposed  to  the  air  for  most 
of  the  time.  Across  them  extend  many  river -like,  tidal 
channels,  through  which  the  rising  and  falling  tide  passes. 
In  time  even  these  depressions  are  filled,  and  gradually 
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the  plain  is  raised   above  the   level  of  the   highest  water, 
and  the  salt  marsh  then  becomes  dry  land. 

These  salt  marsh  plains  have  considerable  economic 
importance.  There  are  scores  of  thousands  of  acres  along 
the  seacoast,  not  far  from  the  large  cities,  which  need 
only  the  exclusion  of  the  tide  to  transform  them  to  arable 
land.  Already  in  some  cases  this  has  been  done  by  arti- 
ficial diking,  and  in  the  Land  of  Evangeline,  on  th»> 


Fi".  32.  Salt  marsh  plain  at  Ipswich,  Mass.  Wooded  glacial  hills  rise  above 
the  plain,  and  the  ocean  sand  bar,  behind  which  it  has  been  formed,  is  seen 
in  the  white  hills  of  the  background  (photograph  by  J.  L.  (iardnrr,  I'd). 

shores  of  the  Bay  "of  Fundy  in  Nova  Scotia,  as  well  as 
along  the  coast  of  England,  and  particularly  in  Holland,1 
very  extensive  salt  marsh  plains  have  been  reclaimed  from 
the  sea.  In  time,  however,  nature  herself  will  reclaim 
tln'in,  if  the  coast  is  not  sinking. 

Not  far  from  the  city  of  Brooklyn,  and  along  the  coast 
of  New  Jersey,  just  south  of  New  York  City,  tlinv  ;nv 
I'xtcnsive  salt  marshes,2  and  all  along  the  Long  Island 

1  Smock,  Annual  Krpt.   NYw  Jersey  Oeol.  Survey,  1892,  :ti:?-353. 

-  \YrinouIr,  Annual  Kept.  NV\v  .Icrscy  Qeol.  Survi-y,  IS'.Hl.  L'ST '-111  7 ;  (  WU.  ( ;.•<>!. 
Survey,  New  Jersey:  Hr-porr  on  Capr  May  Comity,  Is;,;.  i:,-i;:.,  «M-!H;  A?nma1  Kept.. 
1869,  2.'J-4 1;  Geology  of  N.-w  Jersey,  isu.s,  300-308;  Annual  Import,  ls,s:,,  ill  70. 
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shore,  as  well  as  that  of  Connecticut  to  the  north,  there 
are  patches  of  this  marshy  land.1  Sometimes  these  grade 
almost  imperceptibly  into  dry  land;  and  habitable  plains 
end  in  a  salt  marsh,  without  any  sharp  line  of  dernarkation. 
Being  nearly  at  sea -level,  the  marine  plains  so  far  de- 
scribed, unless  elevated,  can  pass  through  no  complex 
stages  of  development,  but  will  remain  as  level  tracts  of 
land  near  sea- level,  crossed  by  streams  flowing  in  almost 
imperceptible  valleys. 

Raised  Sea  Bottoms. — Beyond  the  new  land,  the  tidal 
currents  and  waves  are  distributing  sediment  over  the 
bottom,  building  a  plain  on  the  ocean  bed.  For  a  distance 
of  75  or  100  miles  from  the  New  York  and  New  England 
coasts  there  is  such  a  plain  of  remarkable  levelness,  made 
of  layers  of  sediment  which  have  obscured  many  of  the 
irregularities  that  may  have  once  existed.  If  the  land 
along  this  part  of  the  continent  should  rise  to  an  eleva- 
tion 600  feet  above  the  present,  there  would  be  a  coastal 
plain  sloping  gradually  from  the  present  shore  line  to  the 
new  seashore.  Such  an  elevated  sea-ltottom  plain  would 

be  a  constructional 
plain  built  by  de- 
posit and  raised 
into  the  air  by  the 
forces  of  eleva- 
tion. 

This  case  finds 
no  actual  present 
illustration  within 
the  boundaries  of 
New  York,  but 
just  south  of  it, 

^  in   New   Jersey, 

and  from  there  to  the  Rio  Grande,  the  lowlands  border- 
ing the  coast  are  actually  of  this  origin.  The  plain  of 
the  pine  lands  of  New  Jersey  (Fig.  33)  and  the  coastal 


FIG.  33.  In  the  pine-lands  of  New  Jersey.  Raised  sea- 
bottom  plain  (Davis  series  of  geographical  lantern 
slides). 


'Mather,   Geol.   of  New  York,   First   Dist.,   1843,   17-19;  234. 
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plains1  of  the  Southern  and  Gulf  States,  represent  an  old 
sea  bottom  slightly  elevated  above  the  ocean.  That  of 
Texas  has  been  so  recently  elevated  that  fossils  of  animals 
now  living  in  the  Gulf  are  enclosed  in  the  clays;  and  it 
is  so  young,  and  the  slope  is  so  moderate,  that  in  places 
it  is  a  great,  swampy  tract,  with  streams  flowing  almost 
on  the  surface  of  the  plain. 

While  at  present  New  York  has  no  such  plains  as  these, 
we  are  able  to  look  back  in  time  to  a  period  when  similar 
level  tracts  stretched  westward  from  the  old  land  which 
existed  among  the  ancient  Adirondack  and  New  England 
mountains  (p.  28).  Near  the  close  of  the  Paleozoic, 
when  the  Appalachians  were  uplifted,  these  coastal  plains 
were  elevated  above  the  great  interior  sea,  and  they  were 
very  extensive,  including  the  greater  part  of  New  York. 
It  was  upon  these  plains  that  the  vegetation  grew  out  of 
which  the  coal  beds  of  Pennsylvania  have  been  made; 
and  it  is  not  improbable  that  similar  tree -covered  swamps 
at  the  same  time  existed  in  New  York,  although  now  all 
traces  have  been  removed  by  denudation.  The  history  of 
this  ancient  plain,  since  that  time  of  first  uplift,  has  been 
so  complex,  and  the  record  of  it  so  battered  by  the 
attacks  of  the  agents  of  denudation,  that  it  is  only  by  a 
careful  study  of  the  geology  of  the  region  that  we  are  able 
to  state  these  facts.  The  low  plains  have  been  raised  to 
plateaus  and  greatly  dissected  and  transformed  (Fig.  41); 
but  in  the  beginning  they  were  true  sea-bottom  plains. 

LACUSTRINE  PLAINS.— Lake-Bottom  Plains. — In  lakes  very 
nearly  the  same  kinds  of  plains  are  made  as  those  of 
the  sea,  and  New  York  furnishes  many  illustrations  of  the 
several  kinds.  During  the  closing  stages  of  the  glacial 
period  there  was  an  ice  dam  across  many  of  the  streams; 
and  temporary  lakes  existed  where  now  there  is  dry  land.2 


1  McGee,  Twelfth  Annual  Kept.,  U.  S.  Geol.  Survey,  1891,  347-521. 

2  For  the   Red    River  plains  of    Dakota  and  Canada,  see  Thomas,  Hayden  (iml. 
Survey,  Sixth  Report,  1872,  'J!i:!;  Upham,  Monog.,U.  S.  Geol.  Survey,  Vol.  XXV..  lXli:>. 
For  Bonneville  Plain,  see  Gilbert,  Monog.,  U.   S.   Geol.    Survey,  Vol.  I.,  1890;    this 
lake-bottom  plain  is  not  of  glacial  origin. 


80  The   Physical    Geography    of  New    York    State 

Most  of  these  were  small,  and  the  deposits  in  them  have 
built  either  small  plains,  or  else  were  not  of  sufficient 
duration  to  smooth  over  the  lake  bed.  Such  plains  may 
be  looked  for  in  many  of  the  valleys  of  the  north -flowing 
streams,  most  of  which  were  held  back  by  the  ice  dam. 
However,  in  the  case  of  the  Great  Lakes  (p.  251),  while 
the  outlet  through  the  St.  Lawrence  was  clogged  by  ice, 
the  level  of  the  waters  was  so  raised  that  at  one  time  the 
outflow  was  past  Fort  Wayne,  Ind.,  and  at  another  past 
Chicago,  and  still  later  through  the  Mohawk  in  New  York. 
The  last  stage  existed  for  so  long  a  time  that  extensive 
beaches  were  built.  For  example,  beaches  made  during 
these  high-water  levels  were  constructed  along  the  shores 
of  both  Erie  and  Ontario.  These  extend  as  narrow  plains 
or  ridges,  really  terraces,  which  are  remarkably  level  and 
continuous. 

During  this  stand  of  the  water,  also,  deltas  were  con- 
structed which  now  exist  as  broad,  level -topped  areas  of 
gravel.  Over  the  bed  of  the  lake,  sand  and  clay  were 
strewn,  filling  some  of  the  depressions  so  that  the  sur- 
face, already  quite  level,  was  made  into  a  more  typical 
plain.  Therefore,  south  of  the  beach -terraces  and  ridges 
now  forming  on  the  present  lake  shore,  and  north  of  the 
ancient  beaches,  there  are  plains  which  were  once  lake 
bottom,  and  which  owe  some  of  their  levelness  to  this 
fact.  If  Lake  Erie  should  be  drained  there  would  be  a 
similar,  though  much  more  extensive  plain,  on  the  site  of 
the  lake. 

Lake  Delta  Plains.1  —  In  lakes,  especially  the  smaller 
ones,  the  water  is  shallow,  the  bottom  is  not  sinking,  and 
there  is  only  slight  wave  action,  and  no  marked  tide.  In 
such  lakes  there  is  less  chance  for  the  removal  of  sedi- 
ment than  in  the  sea.  Rivers  bringing  their  load  to  the 
ocean  do  not  succeed  in  accumulating  all  of  it  near  their 
mouths,  but  much  of  it  is  strewn  over  the  sea  floor, 
being  carried  hither  and  thither;  those  entering  lakes 


Gilbert,  Monog.,  U.  S.  Geol.  Survey,  Vol.  I.,  1890,  65-70;   153-167. 
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quickly  lose  nearly  all  of  their  load,  and  most  of  it  is 
dropped  near  their  point  of  entrance.  The  lake  filters  the 
water  of  its  sediment,  so  that  the  outflowing  stream  is 
pure  and  clear.  Some  of  this  sediment  is  strewn  over  the 
lake  bed;  but  most,  and  the  heaviest,  settles  near  tin- 
river  mouth,  building  a  delta.  Therefore  opposite  the 
mouths  of  most  streams  entering  lakes  there  are  true  delta 
plains  (Fig. 112),  some  of  which  are  quite  extensive. 

In  the  Finger  Lakes  such  deltas  are  abundant,  and  at 
the  head  of  each  of  these  lakes  there  is  a  broad  delta  flat. 
These  plains  are  not  truly  level,  but  extend  beneath  the 
lake  water  at  their  margin,  are  swampy  near  the  shore, 
and  rise  gradually  both  from  the  lake  shore  and  from  the 
main  streams  toward  the  margins  of  the  valley.  This 
elevation  of  the  surface  is  due  to  the  deposit  of  sediment 
brought  by  the  normal  river  floods.  The  town  of  Ithaca, 
at  the  head  of  Lake  Cayuga  (Fig.  Ill)  is  built  on  such  a 
delta,  and  mainly  on  the  eastern  side  of  it.  The  town  of 
AVatkins,  at  the  head  of  Lake  Seneca,  is  on  the  western 
side  of  a  similar  delta.  The  position  of  these  towns  is 
due  to  the  fact  that  the  tributary  streams  from  the  east 
are  more  numerous  in  the  former  case,  and  from  the  west 
in  the  latter.  The  deposits  made  by  these  streams  have 
elevated  the  surface  of  the  delta  near  their  mouths,  and 
transformed  it  to  dry  laud,  while  the  opposite  side  is 
swampy.  These  are  true,  though  very  flat,  alluvial  fans. 

Lake  Swamp  Plains. — As  in  the  case  of  the  sea,  so  in 
lakes,  when  the  bed  has  been  raised  enough,  vegetation 
commences  to  take  root  where  other  conditions  favor.  On 
the  exposed  shores  of  large  lakes  this  is  not  possible, 
because  the  waves  keep  the  mud  and  sand  in  movement 
so  that  the  plants  cannot  take  root;  but  along  lake  shores, 
as  in  the  sea,  there  are  bays,  and  there  are  also  places 
protected  by  sand  bars;  and  in  these  protected  places  vege- 
tation can  grow,  as  it  can  also  in  those  small  lakes  in 
which  large  waves  cannot  be  generated.  By  their  life  and 
death  plants  help  to  build  up  the  lake  bed,  partly  by  their 
own  addition,  partly  by  the  accumulation  of  remains  of 
F 
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animals  which  thrive  among  the  lake  plants,  and  partly 
by  entangling  sediment  and  causing  it  to  settle  in  the-, 
quiet  water.  These  often  transform  the  shores  of  lakes, 
especially  small  ones,  to  swampy  plains. 

Filled  Lake  Plains. —  In  the  end  the  work  above  de- 
scribed may  completely  replace  the  lake  by  swamp  (Fig.  119). 
A  very  large  majority  of  the  peat- bog  swamps  of  New 
York,  such  as  those  which  abound  in  the  Adirondacks,1 


FIG.  34.     Stream  (Bay   Brook)  in  the  Adirondacks  meandering  through   a 
filled  lake  plain  (photograph  by  S.  R.  Stoddard,  Glens  Falls,  N.  Y.). 

are  the  result  of  this  transformation  of  lake  to  swampy 
plain  by  the  filling  of  the  lake,  at  first  by  the  deposit  of 
sediment,  and  later  by  the  aid  of  plants.  Many  of  these 
bogs  have  been  cut  into  for  one  purpose  or  another,  and 
in  them  one  commonly  finds,  after  passing  through  several 
feet  of  peat,  perhaps  with  thin  layers  of  marl,  a  bed  of 
clay  which  represents  the  first  step  in  filling  the  old  lake 
or  pond.  There  are  thousands  of  acres  of  such  plains 
in  New  York,  and  some  of  them  are  of  large  size.  In 
Nova  Scotia  one  may  frequently  see  filled  lake  plains  with 
a  diameter  of  two  or  three  miles. 

FLUVIATILE  PLAINS. — If,  for  any  reason,  a  stream  flows 
over  a  level  area  with  such  a  moderate  slope  that  in  time  of 


1  Smyth,  Amer.  Geol.,  XI.  1893,  85-90. 
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flood  all  the  water  cannot  be  carried  in  the  channel,  when 
it  overflows  its  banks  it  spreads  out  as  a  sheet  of  water 
on  either  side  of  the  channel.  In  this  lake -like  expanse 
the  current  is  so  reduced  that  some  of  the  sediment  is 
deposited  as  a  sheet,  by  means  of  which  the  irregularities 
are  smoothed  over,  and  a  plain  formed.  This  floodplain  is 
gradually  built  up,  and  in  time  may  become  very  extensive, 
as  in  the  case  of  some  of  the  great  rivers  of  the  world,  like 
the  Mississippi. 

New  York  has  no  such  great  floodplains,  though  many 
streams  are  bordered  in  parts  of  their  course  by  small 
ones.  This  is  true,  for  instance,  of  streams  flowing  over 
deltas,  or  where  they  pass  across  swampy  plains  that  have 
been  caused  by  lake  filling.  They  also  exist  where  the 
river  course  is  interrupted  by  deposits  of  glacial  drift.  In 
parts  of  the  Hudson  there  are  extensive,  though  narrow 
floodplains;  and  in  the  Susquehanna,  Mohawk  and  Alle- 
gany  valleys  there  are  level  areas  which  are  true  flood- 
plains,  and  over  which  the  rivers  rise  when  in  high  water; 
but  though  some  of  these  are  of  considerable  area,  they 
arc  nowhere  of  great  extent. 

These  river  plains  may  become  true  terraces, — that  is, 
narrow  plains  bordered  toward  the  river  by  a  steeply  de- 
scending bank;  and  often,  on  the  side  away  from  it,  by  a 
steeply  ascending  slope.  These  are  generally  due  to  the 
cutting  action  of  the  river  (p.  94),  but  such  terraces  are 
occasionally  liiilt  up  by  river  floods  of  variable  height.1 
Since  none  are  known  in  New  York  it  will  be  sufficient 
merely  to  mention  this  class. 

GLACIAL  PLAINS. — By  these  are  meant  plains  constructed 
by  the  direct  action  of  the  ice  itself.  When  the  continental 
glacier  extended  across  New  York  (Chapter  IV),  covering 
the  entire  area  of  the  State,  which  was  therefore  trans- 
formed into  a  plain  or  plateau  by  the  ice  covering,  all 
irregularities  were  submerged  and  there  was  a  great  /<•<• 
plateau,  like  that  now  covering  <  ireenland.  While  this  ice 


T:irr.  Anicr.  .lourn.   Sri..    XI. IV.,    IH'.IL'.   59-C1. 
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existed,  moving  slowly  southwards,  it  ground  the  surface 
somewhat,  picked  up  a  load  of  rock  fragments,  and  dragged 
them  southwards.  When  these  reached  the  end  of  the  ice, 
part  went  away  in  the  streams  furnished  at  the  glacier's 
end  by  the  melting  ice,  and  part  accumulated  along  the 
margin,  forming  terminal  moraines.  There  was  a  constant 
procession  of  rock  fragments  toward  this  margin,  and  at 
any  one  time  the  ice  held  much  in  its  grasp,  firmly  frozen 
in  the  bottom  layers  of  the  glacier,  as  we  find  at  present 
in  Greenland.  When  the  ice  melted,  this  debris  —  till  or 

boulder  day  it 
is  called  (Fig. 
35) — was  left 
at  the  place 
where  it  hap- 
pened to  be, 
so  that  much 
of  the  surface 
of  New  York 
is  now  cov- 
ered with  a 
coating  of 
boulder  clay, 
in  which  clay 

is  the  chief  element,  but  scattered  through  which  are 
numerous  boulders  of  rock  not  to  be  found  in  any  of  the 
neighboring  ledges,  but  dragged  from  the  north  ;  and 
upon  their  surface  are  often  seen  scratches  which  they 
have  received  on  the  journey.  This  till  layer  varies  in 
thickness,  sometimes  barely  covering  the  rock,  or  even 
being  entirely  absent,  sometimes  reaching  a  thickness  of 
several  hundred  feet.  In  the  Middle  States  the  general 
till  covering  is  very  deep,  so  thick,  in  fact,  that  the  pre- 
glacial  topography  has  been  almost  obscured  by  it.  Bor- 
ing for  oil  and  gas  in  Ohio  and  Indiana  have  revealed 
buried  river  valleys  beneath  the  thick  till  covering  of  the 
prairies.  Therefore,  this  part  of  the  extensive  plains  of 
the  Central  States  owes  its  levelness,  in  large  part,  to 


3i.  35.     Section  in  till  or  boulder  clay  in  Pennsylvania. 
(Lewis,  Report  Z,  Pennsylvania  Geological   Survey) 
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the  glacial  deposits,  and  is,  in  consequence,  a  true  till 
plain. 

Most  of  New  York  is  too  billy  for  such  plains  to  be 
formed,  but  the  glacier  has  greatly  reduced  the  original 
irregularities,  partly  by  cutting  down  the  hilltops,  and 
partly  by  carrying  off  the  materials  thus  derived  and 
depositing  them  in  the  valleys.  There  are  hundreds  of 
cases  in  which  stream  valleys  have  been  so  filled,  that, 
after  the  ice  left,  the  rivers  were  not  able  to  occupy  them. 
Some  of  these  valleys  may  still  be  seen  as  sags  in  the 
surface,  while  others  are  entirely  obscured,  though  the 
great  majority  have  merely  had  their  depth  decreased  by 
the  deposit  of  drift.  By  the  latter  means  the  valley  bot- 
toms, in  some  cases  originally  one  or  two  hundred  feet 
deeper  than  at  present,  have  been  transformed  to  valley- 
bottom  plains  by  the  till  filling. 

In  addition  to  this,  there  are  narrow,  terrace-like  till 
plains,  clinging  to  the  hillsides  above  the  valley  bottoms, 
apparently  representing  deposits  held  under,  or  in  the 
bottom  of  the  ice,  when  the  valleys  were  filled  by  the 
glacier,  and  allowed  to  drop  down  into  their  present  posi- 
tion when  the  ice  support  was  removed.  In  the  hilly 
plateau  region,  near  the  divide  of  the  Finger  Lakes  and 
Susquehanna,  there  are  many  terraces  of  this  origin. 

Besides  these  small  plains,  there  is  one  extensive  level 
area  which  owes  at  least  a  part  of  its  levelness  to  this 
cause  of  ice  filling.  This  is  the  plain  which  borders  the 
Lake  Ontario  shore  (p.  12),  and  which,  except  where 
roughened  by  irregular  glacial  deposits,  i.s,  in  general, 
remarkably  level.  The  surface  of  this  region  must  have 
been  somewhat  level  before  the  ice  came;  but  presumably 
it  was  crossed  by  river  valleys.  Indeed,  some  of  these  still 
show,  as  in  the  case  of  Irondequoit  Bay,  which  is  appar- 
ently the  preglacial  course  of  the  Genesee  River.  Prac- 
tically all  the  valleys,  however,  have  been  obscured  by 
the  glacial  deposits;  and  so  this,  which  was  apparently  a 
dissected  preglacial  plain,  is  now  a  very  regular  till-covered 
plain. 
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GLACIO-FLUVIATILE  PLAINS.— While  the  ice  front  stood 
at  its  farthest  limit  it  reached  into  Pennsylvania,  at  that 
time  covering  nearly  the  entire  area  of  New  York;  but  as 
the  glacial  period  waned,  the  ice  melted,  and  its  front 
gradually  stood  along  lines  farther  and  farther  north. 
Wherever  it  remained  its  melting  furnished  the  streams 
with  great  volumes  of  water  and  of  sediment,  thus  intro- 
ducing conditions  quite  different  from  those  of  the  present 
and  the  earlier  past.  It  may  be  said  that  this  water  and 
sediment,  escaping  from  the  ice  front,  passed  either  into 
streams  leading  away  from  the  ice,  or  into  north- flowing 
streams  which  led  toward  the  ice  front.  In  the  former 
the  water  found  ready  escape;  but  in  the  latter  it  was 
ponded  by  the  ice  dam.  In  both  cases  deposits  of  interest 
were  built  by  the  great  volume  of  sediment -laden  water, 
and  some  of  these  are  true  plains,  though  usually  not  of 
large  size. 

Gravel-Filled  Valley  Plains.1 — Where  the  water  found 
a  slope  toward  the  south,  either  the  slope  was  sufficient 
to  allow  the  great  floods  to  carry  all  of  the  sediment,  or 
else  it  was  too  slight  for  this ;  and  in  the  latter  case  some 
of  the  load  had  to  be  deposited.  Because  so  much  sedi- 
ment was  supplied,  the  latter  was  frequently  the  case. 
Even  at  present,  at  the  margins  of  the  Alpine  glaciers, 
the  streams  are  not  able  to  carry  all  their  sediment  load 
down  the  steep  mountain  valleys;  and  a  similar  condition 
is  found  along  the  margin  of  many  other  glaciers,  notably 
the  Malaspina  of  Alaska  (Fig.  36) . 

As  a  result  of  such  conditions  the  streams,  depositing 
some  of  their  sediment,  gradually  built  up  their  beds, 
perhaps  flowing  over  the  plain  in  numerous  anastomosing 
channels.  By  this  means  many  valleys  of  streams  which 
flowed  southwards  from  the  glacier  have  had  a  deep  filling 
of  sand  and  gravel.2  One  may  see  this  class  of  plain  in 
many  of  the  tributaries  of  the  Susquehanna  and  Allegany. 


1  Salisbury,  Annual  Kept.  New  Jersey  Geol.  Survey,  1892,  96-125 
2Brigham,  Bull.  Geol.  Soc.  Amer.,  VIII,  1897,  17-30. 
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They  are  so  numerous  that  some  form  of  development  of 
them  may  be  looked  for  in  nearly  all  the  south  sloping 
valleys  of  New  York. 

The  influence  of  this  kind  of  deposit  is  felt  even  as  far 
as  the  sea.  The  floodplain  and  delta  of  the  Mississippi 
contain  a  vast  amount  of  sediment  furnished  by  the  melt- 
ing glacier,  and  some  of  the  loess  of  the  Mississippi 
Valley,  by  which  certain  prairie  areas  have  been  made, 
doubtless  had  a  similar  origin.  The  building  of  these 
gravel -filled  valley  plains,  and  the  prairie  areas  of  fine- 
grained clay,  was  aided  by  the  fact  that  when  the  ice  was 
melting  away  from  the  country  the  land  was  lower  in  the 
north  than  now;  for  as  a  result  of  this  the  south-flowing 
streams  had  less  grade  than  at  present. 


FK;.  30.  Delta  plain  being  formed  at  margin  of  Malaspina  Glacier  by  the  de- 
posit of  gravels  brought  by  the  water  from  the  glacier,  but  not  capable  of 
being  carried  farther  (photograph  by  Prof.  I.  C.  Russell). 

Ovenvash  Plains. — Where  the  surface  was  moderately 
regular,  but  gradually  sloping  toward  the  south,  many 
small  streams  which  escaped  from  the  ice  front  combined 
to  build  coalescing  plains,  or  flat,  alluvial  fan  deposits,  to 
which  the  names  overwash  plains  or  froittiil  <ij)rons  have 
been  given.  Within  the  boundary  of  New  York  these  are 
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typically  illustrated  on  the  south  side  of  Long  Island,1 
where  there  are  extensive  sandy  plains  bordering  the 
southern  margin  of  the  terminal  moraine.  In  the  more 
hilly  region  of  central  and  western  New  York  there  was 
little  chance  for  these  to  be  formed.  Their  place  is  taken 
by  gravel -filled  valley  plains,  though  here  and  there  these 
are  broad  enough  to  be  classed  as  frontal  aprons.  An 
illustration  of  this  is  found  just  southwest  of  Cortland, 
and  another  at  Elmira  and  Horseheads. 

Terrace  Plains.2  —  In  many  of  the  stream  valleys  slop- 
ing southwards  there  are  well -developed  terraces,  which 
are  true  plains,  narrow  to  be  sure,  and  sloping  down 
stream  parallel  to  the  river.  Nowhere  are  they  better 
developed  than  in  the  Connecticut  River  valley,  where,  in 
some  places,  there  is  a  series  of  several  well  -  developed 
terraces  composed  of  clay,  sand  and  gravel,  with  level 
top  and  steep  margin.  In  origin  they  are  associated  with 
the  withdrawal  of  the  ice  sheet;  but  there  are  two  possible 
explanations,  one  of  which  only  (constructional)  is  men- 
tioned at  this  point.  (For  the  other  see  p.  94.)  This  expla- 
nation is  that  the  sediment- laden  river  water  was  subjected 
to  risings  and  shrinkings  with  the  change  of  season.  In 
winter  the  river  was  small  and  occupied  a  narrow  channel. 
In  spring  it  rose  to  a  higher  level  and  had  a  broader 
channel,  the  present  first  terrace  top;  in  summer,  rising 
still  higher,  it  filled  a  still  broader  and  deeper  channel, 
etc.  By  this  explanation  it  is  supposed  that  each  level  of 
the  floods  occupied  a  channel  of  different  breadth  and 
depth;  and,  since  deposits  were  being  made  all  of  the 
time,  terraces  were  built,  just  as  a  single  terrace  is  being 
made  by  rivers  which  occupy  a  narrow  channel  at  ordinary 
stages,  and  a  broader  one  during  flood  times  when  they 
overflow  their  floodplains.  The  floodplain  is  a  true  ter- 
race of  construction,  and  accordingly,  if  the  above  expla- 


1  Lewis,  Amer.  Journ.  Sci.,  XIII,  1877,  235;  Upham,  Amer.  Journ.  Sci.,  XVIII, 
1879,  81-92;   197-209;  Hollick,  Trans.,  New  York  Acad.   Sci.,  XIII,  1894,  123-130. 
r,  Amer.  Journ.  Sci.,  XLIV,  1892,  59-01. 
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nation  is  true,  such  terraces  as  those  of  the  Connecticut  are 
merely  the  floodplains  made  by  former  floods  which  rose 
to  different  levels  in  different  seasons. 

Deltas. — Where  the  glacial  streams  entered  valleys  whose 
natural  slope  was  toward  the  north,  they  were  transformed 
into  lakes  in  which  the  sediment  was  deposited,  as  it  is  in 
any  lake;  and  since  many  of  these  lakes  have  now  en- 
tirely disappeared,  the  deposits  that  were  then  made  appear 


Fi<;.  :!7.     Small  delta  being  made  in  a  lake  at  the  margin  of  the  Greenland  ice  sheet 
and  supplied  with  water  from  that  glacier. 

at  present  as  part  of  the  land  surface.  Some  of  these 
deposits  have  made  plains  like  those  existing  around  the 
shores  of  the  Great  "Lakes  (p.  80).  Generally  tlie  hcaeli 
terraces  are  indistinct,  though  they  are  very  prominent 
along  the.  ancient  shores  of  Ontario  and  Erie.  However, 
in  many  places,  as,  for  instance,  along  the  margin  of  the 
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Finger  Lakes1  and  Lake  Chautauqua,  there  are  gravel  ter- 
races, quite  level -topped,  which  border  the  tributary  streams 
.at  various  elevations  above  the  present  lake  surface.  These 
streams,  flowing  down  the  hillside,  entered  the  lakes  during 
their  higher  stages,  deposited  their  sediment  and  built  del- 
tas (Fig.  38),  as  streams  are  now  doing  where  they  enter 
these  same  lakes  at  lower  levels.  They,  therefore,  stand 
as  witnesses  of  the  former  higher  water  levels. 

Sand  Plains.2  —  Even  more  extensive  plains  of  gravel 
exist  here  and  there  in  positions  where  it  is  difficult  to 
account  for  the  source  of  the  gravel.  These  sands  plains 
have  the  form  of  true  deltas,  with  level  tops  furrowed  with 
numerous  channels  and  terminating  in  a  steep  front,  facing 
away  from  the  former  ice  front.  They  were  evidently  built 
by  the  deposits  made  from  a  gravel -laden  stream  now 
extinct;  and  careful  studies  have  shown  that  these  streams 
came  from  the  ice  which  was  forming  the  darn  for  lakes 
now  gone,  as  are  the  streams  themselves.  Such  plains 
have  not  been  described  from  New  York,  but  one  is  found 
north  of  Greneva  and  another,  possibly  partly  of  this  origin, 
near  the  town  of  Brookton,  just  southeast  of  Ithaca. 

OTHER  PLAINS. —  During  the  stay  of  the  ice  upon  the 
land,  the  elevation  with  reference  to  the  sea -level  was 
lower  than  now,  and  the  sea  entered  the  Hudson  River 
at  a  higher  level  than  at  present.  Then  the  streams  trib- 
utary to  this  river  entered  a  fjord;  and,  being  loaded  with 
sediment,3  they  built  deltas  and  terrace  deposits  in  the 
Hudson  itself  and  its  tributaries.  In  many  places  illustra- 


1Hall,  Geology  of  New  York,  4th  Dist.,  1843,  342-7;  Lincoln,  Amer.  Journ.  Sci., 
XLIV,  1892,  297;  New  York  State  Museum  Report,  48,  1895,  74;  Pairchild,  Bull.  Geol. 
Soc.  Amer.,  VII,  1896,  423-452;  Watson,  New  York  State  Museum  Report,  51,  1897, 
I,  r55-rl!7. 

2  Davis,  Bull.  Geol.  Soc.  Amer.,  I,  1890,  195;    Gulliver,  Journ.  Geol.,  I,  1893,  803; 
Upham,  Bull.  Geol.  Soc.  Amer.,  VIII,  1897,  183. 

3  Streams  then  carried  more  sediment   than  now,  both  because  the  ice  was    fur- 
nishing them  with  it,  and   because  the  land  from  which  the  ice  had  recently  disap- 
peared  had  not  yet  been  protected  by  vegetation,  so  that  the  rain  fell  upon  it  with 
something  like  the  effect  that  is  prodnced  when   it   falls  upon   a  road,  or  a  plowed 
field,  in  contrast  to  a  pasture  or  a  forest. 
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tions  of  these  plains   may  be   seen,  as  near  the  mouth  of 
the  Mohawk  and  the  Catskill.1 

In  the  temporary  lakes  not  only  was  sediment  deposited 
in  abundance  opposite  stream  mouths,  but  much  was  car- 
ried out  into  the  lake  and  strewn  over  the  floor,'-'  which  in 
some  cases  was  transfoniK'd  to  a  plain  of  gravel,  sand  or 


FIG.  158.     The  Montezuma  marshes,  northern  end  of  Cayuga  Lake  (photograph 

by  C.  S.  Downes). 

clay  (p.  80).  Plains  of  this  kind  are  now  to  be  seen  in 
some  of  the  north- sloping  valleys,  in  which  they  resemble 
the  gravel -filled  valleys  of  south -flowing  streams.  In  other 
cases,  as  in  the  Montezuma  marshes  (Fig.  .38)  at  the  head 
of  Lake  Cayuga,  and  the  Connewango  Swamps  southeast 
of  Jamestown,  in  Chautauqua  County,  there  are  extensive 
lake-bottom  plains,  still  in  a  swampy  condition. 

VOLCANIC  PLAINS. —  Since  New  York  is   not  a  volcanic 
region,  there  are  no  illustrations  of  these  plains  within  its 


1  Hale,  Amer.  Journ.  Sci.,  1821,  III,  72-3;  Finch,  same,  182G,  X,  227-229;  Mathrr, 
Geol.  of  New  York,  1st  Dist.,  IMli,  li".l-l,J8;  Dwight,  Trans.  Vassar  Bros.  lust.,  Ill, 
1884-3,  80-97;  Davis,  Proc.  Boston  Soc.  Nat.  Hist.,  XXV,  IS'.IL'.  ::is  335;  Ries,  Trans. 
NYw  York  Acad.  Sci.,  1891,  XI,  :«;  Merrill,  Amor,  .lourn.  Sci.,  is'.H,  XLI,  4<JO-(;<i; 
Taylor,  Amer.  Geol.,  1892,  IX,  :i44. 

2 Ries,  Trans.  New  York  Acad.  Sci.,  XII,  189,'i,  107-109. 
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boundaries,  and  therefore  this  subject  may  be  quickly 
passed  over.  A  lava  flow,  spreading  out  over  a  moderate 
slope,  fills  irregularities  and  may  build  a  plain;  and  so 
also  may  volcanic  ash  erupted  and  strewn  over  the  country 
on  one  side  of  the  cone.  Lava  plains  have  certainly 
existed  in  the  Connecticut  Valley,  and  possibly  also  in 
New  Jersey ;  but  subsequent  changes  have  entirely  destroyed 
the  plains,  for  the  lavas  now  stand  tilted  into  mountainous 
elevations  (p.  61).  In  the  Far  West  many  of  the  plateaus 
are  capped  by  lava  flows  that  once  were  plains;  and  some 
valleys,  like  that  of  the  Snake  River,  have  been  lava-filled 
and  transformed  to  lava  plains. 

DESTRUCTIONAL    PLAINS 

WAVE- CUT  PLAINS.1  —  The  agents  of  denudation  are 
planing  down  the  surface  of  the  land  and  carrying  mate- 
vials  toward  the  sea,  where  extensive  plains  are  being 
constructed  (p.  78.) ;  and  on  their  way  these  materials 
may  halt  in  lake  or  river  valley,  building  plains  of  small 
extent.  But,  in  the  course  of  this  work  of  degradation, 
plains  may  also  be  formed  by  the  very  work  of  destruction , 
distinct  from  the  action  of  building.  For  instance,  the 
waves,  either  of  lake  or  sea,  may  saw  into  the  land,  form- 
ing wave -cut  plains  which  are  generally  of  small  extent 
and  lie  beneath  the  water.  Later,  these  may,  perhaps, 
be  raised  above  the  surface. 

This  horizontal  planing  of  the  land  by  ocean  waves  is 
believed  by  many  to  have  produced  grand  results  in  the 
past,  and  this  has  been  especially  urged  by  the  British 
geologists.  Standing  upon  the  tops  of  the  hills  in  the 
Highlands  of  Scotland  and  England,  it  is  found  that  they 
rise  to  nearly  the  same  level,  and  it  has  been  suggested 
that  these  hilltops  are  remnants  of  an  ancient  plain  of 
marine  denudation,  formed  at  a  time  when  the  British 
Isles  were  at  a  lower  level,  during  which  the  waves  beat 
against  them  for  such  a  long  time  that  the  lands  were 

1  Gilbert  Monog.,  U.  S.  Geol.  Survey,  Vol.  I,  1890,  35-3C. 
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bevelo<l.  Elevation  has  since  raised  these  plains,  and 
streams  have  cut  into  them,  so  that  only  remnants  of  the 
ancient  plains  now  remain  in  the  form  of  hilltops  reaching 
to  a  nearly  uniform  level.  Since  the  rocks  of  the 
region  are  of  different  degrees  of  hardness,  the  explanation 
of  the  uniform  hilltop  level  must  be  some  condition  of 
lower  level  than  the  present;  and  one  possible  explanation 


I" in.  .'i9.  To  illustrate  terrace  formation  by  lateral  cutting  of  a  river,  \vliirli  is  also 
cutting  into  its  bed.  There  is  here  one  terrace;  but  if  the  stream  changes  its 
position  to  the  left,  and  then  cuts  down  along  its  bed,  a  lower  terrace  will  e.\i*t 
where  the  river  bed  is  now  located  (photographed  by  Jackson,  Denver). 

is  this  which  has  been  stated.  American  geologists  are 
inclined  to  call  these  remnants  peneplains^  which  have 
resulted  from  denudation  in  the  air  (pp.  f)(>  and  100). 

RIVER-CUT  PLAINS. — As  they  are  cutting  their  valleys 
rivers  are  caused  to  meander,  and  the  curve  of  meander 
changes  gradually,  so  that  in  the  course  of  time  the  river 
shifts  its  bed,  having  its  channel  now  on  one  side  of  the 
valley  and  now  <m  the  other.  As  it  swings  il  cuts  a  plain 


94  The    Physical    Geography    of  New    York    State 

whose  width  is  equal  to  the  change  in  position.  This  has 
been  called  planation.1 

It  is  by  this  action,  it  is  believed,  that  the  terraces  ol 
destructive  origin  are  formed.  According  to  this  theory, 
as  applied,  for  instance,  to  such  a  river  as  the  Connecti- 
cut (p.  88),  floods  of  glacial  waters,  instead  of  building 
terraces,  gradually  deposit  the  sediment  in  a  sheet  over  the 
river  bottom,  building  up  an  extensive  gravel  plain  like 
those  described  above  (pp.  86-88).  After  the  sediment 
supply  ceased,  the  stream  began  to  cut  a  valley  in  the 
gravel  plain,  for  the  water  was  no  longer  overburdened  with 
sediment,  and  its  slope  was  increased  by  the  uplift  of  the 
land  in  the  north.  Cutting  a  channel  in  one  place,  and 
then  gradually  swinging  laterally  to  another  point,  where 
it  remained  to  cut  another  channel,  and  then  changed 
again,  etc.,  the  stream  carved  the  gravel  plain  into  a 
series  of  terraces.2  Both  the  constructional  and  destruc- 
tional  theories  apply  to  these  gravel  terraces;  and  since 
sometimes  one  and  sometimes  the  other  of  these  causes 
accounts  for  them,  a  study  must  be  made  of  each  case  in 
order  to  tell  which  is  its  real  explanation. 

The  destructional  cause  for  terraces  is  the  more  com- 
mon, and  there  are  many  terraces  of  this  origin  in  New 
York,  where  the  rivers  have  excavated  their  valleys  in  the 
till  deposit,  for  which,  of  course,  the  constructional  ex- 
planation is  impossible.  As  has  been  stated,  many  of  the 
mature  valleys  of  New  York  have  been  partly  clogged  with 
a  till  filling  (p.  85),  in  which,  since  the  ice  disappeared, 
the  streams  have  been  busy  carving  new  valleys.  In  the 
course  of  this  work  they  have  cut  terraces.  The  majority 
of  small  streams,  as  well  as  some  larger  ones,  have  such 
bordering  plains  extending  parallel  to  them,  and  descending 
at  the  same  rate  as  the  stream  bed.  They  can  be  told  from 
others  by  the  fact  that  they  are  made  of  the  boulder  clay, 
which  is  quite  different  from  the  stratified  gravel  of  the 
gravel -filled  valleys. 


1  Gilbert,  Geology  of  the  Henry  Mts.,  Washington,  1880,  120. 

2 Dodge,  Proc.  Boston  Soc.  Nat.  Hist.,  Vol.  XXVI,  1895,  257-273. 
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ICE-SCOURED  PLAINS. — This  is  merely 
mentioned  because  no  plain  of  this  na- 
ture is  known  to  exist  in  the  State. 
In  passing  over  the  surface  of  a  moder- 
ately regular  land,  the  glacier  will  plane 
down  the  hills,  leaving  the  surface  more 
regular  as  a  result  of  the  scouring;  and 
in  the  course  of  time,  perhaps,  the  re- 
gion might  be  reduced  to  the  condition 
of  a  plain  by  actual  ice  carving. 

PLAINS  OF  DENUDATION. — Strata  Plains. 
Where  rocks  are  nearly  horizontal,  as 
they  are  throughout  a  large  part  of  New 
York,  there  are  sheets  or  strata  of  vary- 
ing hardness,  one  upon  another.  Denu- 
dation attacks  these,  and  streams  carve 
valleys  along  their  lines  of  flow,  while 
rain -wash  and  weathering  more  slowly 
wear  away  the  interstream  areas.  Such 
a  region,  starting  perhaps  as  a  plain,  is 
then  much  dissected,  so  that,  looked  at 
in  detail,  it  has  little  resemblance  to  a 
true  plain,  but  is  a  very  hilly  laud, 
especially  if  its  elevation  above  the  sea 
is  great. 

However,  the  fact  that  the  rocks  are 
in  horizontal  sheets  which  are  variable 
in  their  power  of  resistance  to  denuda- 
tion, will  make  it  necessary  that  the  hill 
tops  shall  reach  to  nearly  uniform  levels. 
This  is  because,  when  an  unusually  Jtard 
In  tier  is  reached  by  the  agents  of  denu- 
dation, further  cutting  is  resisted  so 
much  more  decidedly  than  in  the  softer 
strata,  that  the  further  down-cutting  is 
held  back  at  the  level  occupied  by  this 
hard  horizontal  bed.  Thus,  even  if  the 
original  surface  reached  to  different 
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levels,  the  softer  rocks  are  removed  with  some  ease 
and  the  harder  ones  less  easily,  so  that,  while  further 
lowering  is  slow  in  the  case  of  those  places  that  are 
capped  by  a  hard  layer,  other  sections  that  are  higher, 


FIG.  41.     Buttes  on  the  plains  of  western  Kansas,  remnants  of  a  higher  level, 
left  standing  by  denudation  (photograph  by  Professor  Williston). 

but  are  capped  by  softer  rocks,  will  wear  down  more 
rapidly,  soon  reaching  the  level  of  the  hard  layer  by  which 
the  denudation  is  being  delayed. 

In  eastern  New  York  there  are  plains  of  this  origin, 
though  they  occupy  rather  small  areas.  It  is  this  cause 
also  which  accounts  for  the  table -lands  and  mesas  of  the 
plateau  region  of  the  West.1  These  level -topped  areas, 
perhaps  deeply  dissected  by  canyons,  stand  up  at  a  uniform 
level  because  of  protection  offered  by  the  hard  layers  (Figs. 
41,  42).  The  plains  of  several  levels  in  Texas  exist  in  hori- 
zontal strata;2  and  the  plains  and  plateaus  of  central  and 
western  New  York  owe  their  present  form  to  this  condition. 

The  plateau  of  central,  southern  and  western  New  York 
is  a  very  hilly  country,  but  the  hills  reach  to  a  fairly  uni- 
form elevation,  and  many  of  them  are  nearly  level -topped, 
(Fig.  43)  so  that,  standing  upon  the  crests  of  the  higher 
hills,  one  looks  across  to  other  crests  of  nearly  the  same 
elevation.  This  is  because  the  Upper  Devonian  strata  are 


1  Powell  Exploration  of  the  Colorado  River,  1875,  1-214;  Button,  Monog.  U.  S-  Geol. 
Survey,  II,  1882. 

2  Hill,  Araer.  Geol.,  V,  1890,  9-29. 
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3hotograph   of  a  model  of  the  dissected  plateau  of  western  central  New  York,  near  Ithaca. 
Model  of  Ithaca  sheet  (United  States  Geological  Survey)  by  William  cjtranahan). 
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coarse,  sandy  shales  which  resist  the  agents  of  denudation. 
In  western  New  York,  in  Chautauqua  County,  there  are 
two  plains,  (1)  that  in  which  Lake  Erie  is  placed,  which  is 
faced  on  the  southern  side  by  a  steep  escarpment,1  rising 
(2)  to  a  hilly  plateau  region  in  which  Lake  Chautauqua  is 
situated.  At  present  there  seems  to  be  in  the  rock  struc- 
ture no  definite  reason  for  this  upland  plateau  and  for  the 
escarpment  which  separates  it  from  the  lower  plain ;  but  in 
southern  Chautauqua  County,  and  across  the  line,  in  Penn- 
sylvania, there  are  remnants  of  a  conglomerate  bed  (p.  27), 
now  remaining  upon  the  surface  in  the  form  of  "  rock 
cities,"2  where  the  great  blocks,  loosened  by  weathering, 
and  perhaps  somewhat  disturbed  by  glacial  action,  now 
stand  in  confused,  and  often  fantastic  arrangement  upon 
the  surface  of  the  land  (Fig.  44)  The  former  extension 
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FIG.  42.  To  illustrate  the  process  of  destruction  of  a  plain  in  western  Kansas 
where  hills  capped  by  a  hard  layer  are  being  separated  to  form  buttes 
like  those  in  Fig.  41  (photograph  by  Professor  Williston). 

of  this  conglomerate  may  account  for  the  plateau  and  its 
steep  north-facing  escarpment. 

At  the  base  of  the  Lake  Erie  escarpment,  on  the  north- 
ern border  of  the  plateau  just  described,  there  is  another 

1  T:irr,   Bull.   109,  Cornell  Univ.  Agri.   Experiment  Station,   189G,  92. 

2  Hall,  Geol.  of  New  York,  4th  Di.st.,  ls»:t.  'Jsl-i's:,;   Carll,  Second  Geol.  Survey, 
Pennsylvania,  Report  III,  1880,  57-79;  Same,  Report  IIII,   1883,   195-208. 
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plain  (p.  9),  of  which  the  bottom  of  Lake  Erie  forms  a  part. 
In  New  York  a  narrow  portion  of  this  plain  occupies  the 
area  between  the  escarpment  and  the  shores  of  Lake  Erie; 
and  upon  it  the  City  of  Buffalo  is  situated.  In  this  region 
the  plain  is  broad  and  fairly  level,  disappearing  gradually 
under  the  lake  toward  the  west,  and  losing  its  character 
toward  the  south  as  it  ascends  to  merge  into  the  high 
plateau  of  southwestern  New  York.  As  it  extends  east- 
ward it  gradually  loses  its  typical  character  as  a  plain, 
and  toward  the  north  ends  abruptly  in  the  escarpment 


FIG.  4i.     Conglomerate  boulder— a  part  of  one  of  the  "rock  cities." 

(Fig.  45)  at  Lewiston,  Lockport,  etc.  This  escarpment  is 
determined  by  the  presence  of  the  hard  Niagara  limestone, 
which  is  also  the  cause  for  the  Falls;  and  the  plain  itself, 
in  its  most  typical  portion,  owes  its  levelness  to  the  pre- 
sence of  this  and  other  hard  layers  of  nearly  horizontal 
rocks. 

Below  the  plain  just  mentioned,  at  the  base  of  the 
north-facing  Niagara  escarpment,  is  another  plain  (Fig.  45) 
which  itself  is  terminated  by  a  north -facing  bluff  under 
the  waters  of  Lake  Ontario,  the  position  of  this  being 
determined  by  the  presence  of  the  horizontal  beds  of  the 
very  durable  Medina  sandstone.  This  is  one  of  the  largest 
and  most  perfect  plains  in  the  State.  From  Lewiston  to 
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Irondequoit  Bay,  and  from  the  lake  shore  to  the  Niagara 
escarpment,  which  loses  prominence  toward  the  east,  there 
is  a  wonderfully  level  plain  crossed  by  the  Rome,  Water- 
town  and  Ogdensburg  railway. 

The  general  levelness  of  this  plain  is  due  to  the  rock 
structure;  but  there  is  a  peculiar  fact  about  it,  the  real 
explanation  of  which  is  not  certain.  The  Niagara  and 
Lake  Erie  escarpments  are  trenched  by  deep  valleys  of 
preglacial  origin,  the  positions  of  which  are  now  plainly 
apparent  in  the  topography,  and  the  two  plains  which 


FIG.  45.  End  of  Niagara  gorge  showing  the  Niagara  escarpment  and  the 
northern  end  of  the  upper  plain,  with  the  Ontario  plain  stretching 
northward  from  the  base  of  the  escarpment  and  crossed  by  the  Niagara 
river  below  the  gorge  (photograph  by  J.  O.  Martin). 

these  escarpments  bound  are  also  dissected;  but  the  west- 
ern Ontario  plain  is  not  furrowed  by  such  valleys.  In  Its 
deepest  point  the  bottom  of  Lake  Ontario  is  about  7i!S 
feet  below  the  lake  level,  and  hence  somewhat  more  than 
this  below  the  level  of  the  Ontario  plain. 

There  are  two  prominent  theories  to  account  for  the 
basin  of  Lake  Ontario,  one  that  the  continental  glacier 
carved  it  out  of  the  rock,  the  other  that  it  was  a  pivglarial 
river  valley  changed  to  a  lake  by  various  causes  such  as 
drift  dams  and  warping,  but  without  marked  ice  erosion. 
If  the  latter  is  true,  and  the  bottom  of  Lake  Ontario  is 
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an  old  river  valley  at  approximately  the  same  depth 
which  it  had  before  the  Glacial  Period,  the  Ontario  plain 
during  this  time  must  have  been  crossed  by  good- sized 
valleys  of  streams  which  entered  this  ancient  and  very 
deep  valley.  Since  they  are  now  invisible,  it  must  be 
supposed  that  the  glacial  drift  has  obscured  the  preglacial 
irregularities,  and  that  the  plain  is  therefore  only  in  part 
due  to  destructional  origin,  and  in  considerable  part  a 
plain  of  construction  as  the  result  of  drift  deposit  (p.  85) . 
The  alternative  is,  that  the  old  surface  to  the  north  of 
the  plain,  that  is,  the  site  of  the  present  lake,  was  a  pre- 
glacial valley,  whose  bottom  was  not  much  lower  than  the 
present  lake  level,  having  since  been  reduced  to  the  pres- 
ent level  by  some  cause.  There  are  three  possible  causes 
for  its  deepening, —  ice  erosion,  faulting  and  folding.  Of 
the  two  latter  there  is  no  proof  whatsoever;  but  in  favor 
of  the  former  we  have  the  fact  that  the  ice  has  actually 
passed  over  this  surface.  No  attempt  is  made  at  this 
point  to  further  discuss  this  question  (p.  232),  though  it 
may  be  said  that  facts  point  more  strongly  toward  ice 
erosion  than  toward  the  other  explanation.  If  that  is  the 
real  explanation,  then  before  the  Glacial  Period  there 
existed  here  a  much  broader  river -bottom  plain,  occupying 
the  space  now  filled  by  the  waters  of  Lake  Ontario,  and 
with  its  central  line  not  much  lower  than  the  present  level 
of  the  lake's  surface. 

PENEPLAINS1  (see  also  p.  55). —  Standing  on  the  top  of 
the  hills  in  the  Highlands  of  New  Jersey,  or  of  southern 
New  England,  it  is  found  that  though  the  rocks  are  folded 
and  disturbed,  some  of  the  hilltops  reach  to  a  nearly  uni- 
form level,  as  they  do  in  parts  of  Great  Britain  (p.  92). 
In  Britain  the  explanation  of  this  fact  has  been  marine 


i  Davis,  Amer.  Journ.  Sci.  XXXVII,  1889,  430;  Davis  and  Wood,  Proc.  Boston 
Soc.  Nat.  Hist.,  XXIV,  1888-1889,  365-423  ;  Davis,  Bull.  Geol.  Soc.  Amer.  II,  1891, 
545;  National  Geog.  Mag.,  V,  1893,  68;  Bull.  Geol.  Soc.  Amer.  VII,  1896,  377;  Nat. 
Geog.  Mono.,  I,  1896,  269;  Tarr,  Amer.  Geol.,  XXI,  1898,  351-370;  Davis,  Amer. 
Geol.,  XXIII,  1899,  207-239;  Daly,  Amer.  Nat.  XXXIII,  1899,  127-138;  Smith,  Univer- 
sity California,  Bull.  Dept.  Geol,  II,  1899,  155-178. 
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denudation;  but  in  this  country  it  is  ascribed  to  denuda- 
tion in  the  air,  or  subaerial  denudation.  If  the  land 
remained  at  a  nearly  uniform  level  for  a  long  enough  time, 
even  the  highest  mountains  would  be  planed  down  nearly 
to  sea-level,  or  to  base-level.  In  proof  of  this  may  be 
mentioned  the  fact  that  New  York  City  is  situated  in  a 
low  hilly  region  which  represents  the  last  remnants  of  a 


FIG.  46.     A  view  across  the  peneplain  of  New  England  (photograph  by 

J.  Ritchie,  Jr.). 

once  elevated  mountain  system,  as  do  the  hills  of  Connec- 
ticut, eastern  Massachusetts  and  the  Highlands  of  New 
Jersey. 

It  is  difficult  to  account  for  the  uniformity  of  level  of 
these  hills  on  any  other  supposition  than  that  at  one  time 
they  were  at  a  lower  level  with  reference  to  the  sea,  hav- 
ing been  either  beveled  down  to  a  hilly  lowland  condition 
or  else  to  the  condition  of  a  plain,  a  peneplain.*  The 
reasons  for  this  conclusion  are  as  follows.  It  is  kno\vii 
that  the  country  was  originally  mountainous,  because  the 
rocks  are  very  complexly  folded;  and  these  contorted 
strata  vary  in  hardness.  Therefore,  at  first,  tilted  rocks 
of  different  kinds  were  raised  to  different  heights.  At 
present,  in  many  cases,  they  stand,  still  at  an  elevation  of 
one  or  two  thousand  feet  above  the  sea,  but  with  the  hill- 


1  This  might  have  been  done  by  marine  denudation  or  by  subaerial  denudation. 
For  a  critical  discussion  of  this  subject  with  numerous  reference-  to  the  literature, 
see  Davis,  National  Ceog.  Monoir.  I, 
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tops  reaching  to  a  rather  uniform  level,  while  between  them 
there  are  valleys  of  no  very  great  width.  In  all  the  time 
required  to  lower  the  surface  so  far,  the  result  should 
have  been  the  production  of  valleys  with  great  width,  and 
therefore  with  mature  form,  while  between  them  should 
rise  hills  of  different  elevations.  To  have  brought  nearly 
all  of  the  peaks  down  to  a  nearly  uniform  level,  their 
general  elevation  must  have  been  reduced  even  lower  than 
now;  and  the  fact  that  the  stream  valleys  at  present  are 
not  broad  or  mature,  shows  that  there  has  been  a  rather 
recent  uplift. 

Therefore  the  peneplain  theory  is,  that  the  mountains 
were  beveled  to  the  condition  of  a  lowland,  in  fact  nearly 
to  that  of  a  plain,  at  a  time  when  the  land  elevation  had 
remained  nearly  uniform  for  long  periods.  The  surface  was 
then  uplifted,  the  streams  began  to  cut  deep  valleys,  and 
the  old  plain  was  so  dissected  that  only  a  few  remnants 
of  it  now  remain  in  the  hilltops,  and  these  tell  of  a  former 
plain  by  the  fact  that  they  reach  to  nearly  the  same  level. 

During  this  time  of  ancient  base -leveling,  New  York 
was  also  subjected  to  reduction,  the  Adirondacks  and 
other  mountains  being  lowered,  and  the  New  York -Penn- 
sylvania plateau  being  reduced  to  a  plain  standing  nearly 
at  sea -level.  An  elevation  ended  this  period  of  base- 
leveling,  and  by  this  the  streams  were  once  more  given  a 
steep  slope.  Since  then  they  have  cut  their  valleys  so 
deeply  into  the  plain,  and  weathering  has  broadened  them 
so  much,  that  the  ancient  peneplain  is  nearly  destroyed, 
so  that,  so  far  as  New  York  is  concerned,  there  is  little 
if  any  evidence  left  of  this  former  peneplain  condition, 
though  the  evidence  of  former  reduction  is  found  in  the 
bordering  States.1 


1  Personally  I  do  not  accept  this  peneplain  theory  as  fully  established,  but  hold  it 
as  a  working  hypothesis.  It  has  certainly  been  applied  in  many  very  doubtful  cases, 
but  this  is  not  the  proper  place  for  a  discussion  of  the  subject.  (See  references 
on  page  56). 


CHAPTER   IV 

THE  INFLUENCE    OF   THE    GLACIAL   PERIOD    UPON  TOPOGRAPHY 

INTRODUCTION. —  When  the  Geological  Survey  of  New 
York  was  undertaken,  considerably  more  than  half  a  cen- 
tury ago,  the  belief  was  current  that  the  State  had  been 
overrun  by  great  floods  of  water  which  had  strewn  the 
surface  with  the  various  deposits  of  boulders,  gravel  and 
clay  which  are  so  noticeable  throughout  the  State.1  Then 
came  the  glacial  theory  of  Agassiz,  at  first  vigorously 
opposed,  but  gradually  accepted,  until  at  present  it  is  all 
but  universally  adopted  as  the  real  explanation  of  the 
phenomena  formerly  ascribed  to  the  flood. 

The  farmers  of  the  State  till  a  soil  brought  to  their 
land  by  an  ice  sheet  of  vast  proportions,  greater  by  sev- 
eral times  than  that  now  covering  the  great  continental 
island  of  Greenland  with  500,000  square  miles  of  ice. 
They  remove  from  their  fields  the  boulders  brought  by 
the  ice  from  the  north,  perhaps  from  even  beyond  the 
confines  of  the  country,  and  they  look  upon  a  landscape 
modified,  or  perhaps  even  moulded,  or  entirely  made,  by 
this  ice  sheet.  The  lakes,  the  swamps,  the  gorges  and 
the  waterfalls  have  come  to  be  what  they  are  because  of 
this  glaciation;  and  the  economic  development  of  the  State 
has  depended  in  very  large  measure  upon  the  visit  of  the 
ice  sheet.  Without  this  visit  the  industries,  cities  and 
people  would  have  been  very  different. 

Much  interest  has  been  aroused  in  the  problems  pre- 
sented for  solution  by  this  latest  great  physiographic  f.-u-tor 


1  Sec  Katon,  Amer.  Journ.  Sci.,  XII,  1*27,  17-20;  Dowry.  Amor.  .louni.  Sri.. 
XXXVII,  I*!!!),  210-212:  Sumo,  XUV,  1M::,  1H;-:>0;  KIMIIH.H-.  Qeol.  «>f  Now  York. 
S.M-ond  Dist.,  IK r_',  122-427;  Hall,  Sumo,  Fourth  Dist..  1st::.  ::is-:;»l  •.  M.-nhrr.  Samo. 
First  Dist.,  184:i,  158-228;  Vanuxcm.  Samo.  Third  Dist.,  1SI2.  212-224;  244-247; 
Lloyd.  Quart.  Journ.  Geol.  Soc.,  XXXII,  1*70,  7(i-7!». 
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in  the  development  of  topography.  Upon  these  problems 
much  work  has  been  done;  but  much  remains  still  undone. 
New  York  State,  though  supporting  a  geological  survey 
with  some  continuity  for  more  than  half  a  century,  the 
results  of  which  in  one  or  two  directions  have  been  of  the 
best,  has  almost  totally  neglected  this  important  subject. 
Therefore,  barring  a  few  scattered  individual  efforts,  and 
a  single  Government  publication,  almost  nothing  has  been 
done  to  put  before  the  people  of  the  State  the  physio- 
graphic facts  concerning  their  own  environment.  The 
farmer  who  would  know  the  cause  for  his  soils,  or  the 
teacher  who  would  learn  the  meaning  of  the  hills  sur- 
rounding the  school,  or  of  the  gorge  or  lake  near  by,  can 
find  no  place  in  which  to  look  for  an  answer  to  his  queries. 
This  discussion  is  bound  therefore  to  be  very  inadequate 
because  little  is  known.1 

BEFORE  THE  GLACIAL  PERIOD.  - -Without  careful  and 
wide -extended  study  it  would  be  impossible  to  tell  in 
detail  what  the  condition  of  New  York  was  before  the 
glacial  period.  This  much  is  certain,  however,  that  most 
of  the  larger  features  of  land -form  were  then  much  as 
they  are  now.  There  was  then  an  Adirondack  Mountain 
mass,  a  Catskill  Mountain  group,  and  a  dissected  plateau 
in  western  and  central  New  York;  and  each  of  these  sec- 
tions was  then  cut  into  hills  and  valleys,  very  much  as 
they  are  now.  The  larger  stream  valleys,  such  as  the 
Hudson,  the  Mohawk,  and  the  Susquehanna,  and  also  most 
of  the  smaller  tributaries  of  these,  then  existed,  although 
the  details  of  stream  course  were  in  many  instances  very 
different  from  the  present.  Some  rivers  now  flow  into 
different  valleys  from  those  which  they  formerly  entered, 
and  a  still  greater  number  flow  in  different  parts  of  their 
old  valleys,  perhaps  upon  one  side  of  the  former  course. 
The  ice  has  planed  down  some  of  the  hills  to  slightly 


1  For  statement  of  some  of  the  principles  of  glacial  geology  reference  may  be 
made  to  Wright's  Ice  Age  in  North  America;  Wright's  Man  and  the  Glacial  Period; 
Geikie's  The  Great  Ice  Age;  and  Salisbury's  discussion  in  the  Annual  Report  of  the 
State  Geologist  of  New  Jersey,  for  1891,  35-108. 
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lower  levels  than  formerly,  .and  rounded  off  still  others, 
while  the  valleys  have  in  many  places  been  clogged,  or  in 
some  cases  even  entirely  filled,  with  glacial  deposits. 

But  the  most  marked  difference  between  the  New  York 
of  to-day  and  the  pre-glacial  New  York  is  in  the  intro- 
duction of  numerous  lakes.  One  could  not  safely  assert 
that  there  were  formerly  no  lakes  in  the  State;  but  upon 
every  physiographic  argument  that  can  be  made,  the  exis- 
tence of  any  but  the  smallest  lakes  seems  highly  improba- 
ble. Lakes  must  have  a  cause,  and  lake -making  causes 
had  apparently  not  been  extensively  in  operation  immedi- 
ately before  the  glacial  period.  Therefore,  the  lakes, 
Champlain,  Ontario,  Erie,  Chautauqua,  the  Finger  Lakes, 
and  the  thousands  of  smaller  ones,  were  probably  not 
present.  Of  the  larger  number  of  these  it  may  be  stated 
positively  that  they  did  not  then  exist,  for  their  cause  is 
certainly  glacial  action. 

At  some  time  before  the  glacial  period,  the  general 
altitude  of  the  State  was  very  different,  being  considerably 
higher  above  sea-level.  Whether  this  was  true  at  the 
very  time  when  the  ice  encroached  upon  the  region  cannot 
be  so  certainly  stated,  though  there  is  much  reason  for 
believing  that,  as  the  ice  gradually  advanced,  the  land 
was  standing  higher  above  the  sea  than  now. 

Notwithstanding  these  differences  between  the  present 
and  past,  could  we  have  an  accurate  large-scale  model 
of  New  York  State,  representing  the  conditions  of  pre- 
glacial  times,  one  would  have  no  difficulty  in  recogniz- 
ing the  general  topography  of  the  region  in  which  he 
dwells.  The  general  elevation  might  be  higher  than  at 
present,  and  some  of  the  hills  higher  above  the  valley 
bottoms.  Some  valleys  may  now  be  deeper  than  formerly; 
and,  as  a  result  of  the  glacial  deposits,  some  now  absent 
would  then  be  present,  and  some  gorges  now  existing  would 
not  appear  upon  the  model.  The  course  of  some  of  the 
rivers  would  be  different,  and  most  if  not  all  of  the  gorges, 
waterfalls  and  lakes  would  not  be  found,  the  site  of  the 
lakes  being  then  valleys  occupied  by  running  water.  Prob- 
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ably,  also,  the  coast  line  was  different  in  an  important  way. 
If  the  land  were  then  higher,  the  coast  line  must  have 
been  somewhere  to  the  eastward  of  its  present  position. 
So,  it  follows  that  while  there  were  many  differences,  some 
of  them  very  striking,  they  were  not  so  numerous  as  to 
make  the  general  topography  unrecognizable. 

THE  ADVANCE  OF  THE  ICE  SHEET. —  Over  this  land  the 
ice  front  slowly  but  irresistibly  advanced,  fed  from  some 
center  in  the  far  north,  evidently  in  the  vicinity  of 

the  Labrador  Peninsula,  from 
which  the  ice  radiated  out- 
ward in  all  directions,  as  the 
Greenland  ice  sheet  of  to-day 
radiates  from  a  center  some- 
where within  that  great  ice- 
covered  land  area.  Why  the 
glacier  came  cannot  now  be 
stated;  nor  can  we  say  when 
it  began,  nor  how  long  it 
stayed,  nor  when,  nor  why 
it  went.  Speculations  upon 
these  points  are  abundant, 
but  they  have  been  of  little 
value  in  reaching  definite 
and  well -proved  conclusions. 
The  fact  of  the  coming  and 
going  is  all  that  can  be  stated 
with  positiveness  in  this  connection. 

As  the  ice  gradually  moved  southward,  involving  States 
at  present  temperate  in  climate,  and  before  the  glacial 
period  even  warmer  than  now,  there  must  have  been  a 
refrigeration  of  climate,  partly  due  to  the  presence  of  the 
ice,  and  partly  to  the  causes  upon  which  the  formation  of 
the  great  continental  glacier  depended.  At  first,  upon  the 
high  mountains,  the  winter  snows  must  have  lasted  longer 
and  longer  into  the  summer,  until  the  protected  valleys 
held  some  of  the  snow  throughout  the  entire  season.  At 
this  time  valley-glaciers,  somewhat  like  those  of  the  Alps, 


PIG.  47.  To  show  probable  extent  of 
American  ice  sheets  (Chamberlin 
in  Geikie's  Great  Ice  Age). 


K~#^^     .^t    •    ;, 

"-  m 

r  I--*:, 

•         •    •*  -  \-  ,  & .  .     '  • 


v  i       ^sf^-rsf^  :      ;in:^r^^ 

.    1    i  '    '     '    -  f 

*  •  \&^3&?-  "- 

«     V:  , 


H:-\}'-^':?-  ••- 

IKlP^i  : 


_s 

3 

r3 


1) 
72 


s 


o  * 

11 


S  fl 

i  ^ 

M  Oj 

rf  ^3 

^  « 

a  >> 


-7.    >. 


1> 

*-> 

a 


o 

3. 

- 

j 

w 

D 


(107) 


108  The   Physical    Geography   of   New    York   State 

probably  appeared  in  the  Adirondacks  and  Catskills,  grow- 
ing larger  as  time  passed,  and  finally  adding  their  supply 
to  that  of  the  great  glacier  from  the  north.  This  rose 
higher  and  higher  upon  the  mountain  sides,  until,  finally, 


FIG.  49.     Surface  of  the  Greenland  ice  plateau  (photograph  by  J.  O.  Martin). 

the  highest  peaks  of  the  Adirondacks  and  Catskills  were 
submerged  in  the  onmoving  flood  of  ice,  and  all  of  New 
York  State,  with  the  exception  of  a  small  tract  in  the 
extreme  western  part,  was  transformed  to  a  great  ice 
plateau  like  that  of  Greenland  to-day.  From  Labrador 
to  Pennsylvania  no  land  appeared  above  the  ice -covering, 
whose  depth  was  certainly  greater  than  a  mile  in  some 
places.  At  present  no  similar  ice  sheet  exists,  unless, 
possibly,  the  one  in  the  South  Polar  regions,  about  which 
almost  nothing  is  known. 

With  the  advance  of  the  ice,  plants  were  exterminated, 
and  animals  either  exterminated  or  driven  to  the  south- 
ward. For  a  long  time  these  conditions  lasted,  though 
how  long,  no  one  can  now  say;  and  year  by  year  the  ice 
advanced  through  the  valleys  and  over  the  hills  and  even 
over  the  mountain  tops.  At  first  it  swept  off  the  soil 
and  loose  rock  fragments,  dragging  them  southward,  and 
grinding  them  finer  by  rubbing  particle  against  particle, 
or  against  the  rock  over  which  the  glacier  was  slowly 
gliding.  Valleys  were  deepened  somewhat  and  hills  scoured 


of  flic    (iltidtil    r»-iod    I'poit    Topography        109 

by  this  great  force  of  erosion,  the  hills  losing  some  of 
their  height  and  being  rounded.  The  pebbles  that  the  ice 
held,  and  the  bed-rock  over  which  they  were  dragged 
were  grooved,  scratched,  and  polished;  and  at  all  times 
during  the  stay  of  the  ice,  the  glacier  contained  in  its 
mass  a  load  of  rock  fragments,  varying  in  size  from  boul- 
ders to  clay  particles,  all  slowly  journeying  southward  with 
the  ice,  and  being  ground  as  they  went. 

At  the   margin,  land   appeared    above    the    ice.     Some 
distance  from  the  front  the  only  land  wras  the  occasional 


Fi<;.  50.     A  glacially  scratched  pebble  (photograph  by  United  States 

Geological  Survey). 

isolated  hill,  which  reached  above  the  ice  surface,  as  the 
mountain  peaks  of  Greenland  project  above  its  great  gla- 
cier, forming  the  nunataks  of  that  region.  Nearer  Ihe 
margin  ranges  of  hills  separated  projecting  tongues  of  the 
glacier  front, —  small  valley  lobes  projecting  further  south- 
ward along  the  valleys.  The  margin  was  evidently  serrated 
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or  lobate,  and   the  reason  for  the  position  of  the  margin 
at   any   given    point  was    that   there    the   ice  supply  just 

equaled  the  ability  of  the  sun 
and  air  to  melt  it. 

Along  this  margin,  as  along 


the  margin  of   all 


glaciers  on 


gathered 
Here  was 


the  land,  there  were  vast 
floods  of  water  poured  upon 
the  hillsides  and 
into  the  valleys. 
supplied  to  river  valleys  the 
rainfall  of  other  drainage 
systems  far  to  the  north . 
Some,  falling  where  it  now 
escapes  into  the  Arctic  waters 
or  the  St.  Lawrence  system, 
then  passed  on  and  entered 
the  Susquehanna,  or  further 

FIG.  51.     A  scratched  pebble  taken  from    WCSt,    the    Upper    Allegaiiy, 
the  ice  of  the  Greenland  glacier.  -i  -,  -\     -\  j_i        /-^     ii- 

whence  it  was  led  to  the  Gulf 

of  Mexico.     As  a  result,  many  small   stream  valleys  then 
carried   large   volumes    of  water.     Sometimes   the   front  of 


FIG.  52.    Glacial  scratches  on  bed  rock  (Calvin,  Iowa  Geological  Survey). 

the   ice   was   not   in   a  valley  sloping   away  from   it,   but 
toward  it,  and  then,  in  such  north- sloping  valleys,  glacial 
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lakes  were  ponded  back  in  places  where  now  no  lakes 
exist.  The  records  of  these  are  abundant  (p.  131).  In  the 
north -sloping  valleys  this  water  was  iceberg- laden,  and 
everywhere,  where  it  started  from  the  ice,  was  ice-cold,  so 
that,  flowing  into  more  temperate  latitudes,  it  must  have 
produced  a  very  important  influence  upon  the  climate  of 
parts  of  the  South,  especially  along  the  Mississippi  Valley, 


i-'n;.  .j3.     A  nunatak  rising  above  the  Greenland  ice  plateau,  Cornell  glacier 

(photograph  by  J.  O.  Martin). 

nearly  all  of  the  headwaters  of  which  were  supplying  this 
ice -derived  water. 

Not  merely  was  water  supplied  to  the  streams,  but  much 
rock  material  also;  for  this  too  was  constantly  moving  on 
with  the  ice  to  the  place  of  melting.  Some  of  the  sedi- 
ment entered  temporary  marginal  lakes,  forming  lake 
deposits,  and  some  passed  off  in  rivers,  forming  various 
types  of  river  deposits  (p.  K>0),  often  in  valleys  in  whirli 
the  rivers  are  not  now  depositing  sediment.  Not  all  of 
this  rock  load  could  go  off  in  the  streams,  but  much  fell 
to  the  base  of  the  ice,  or  remained  in  its  place  beneath 
the  glacier.  If  the  front  of  the  glacier  remained  for  a 
long  time  in  approximately  one  place,  as  it  did  year  by 
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year,  this  dumping  of  rock  fragments  continued  until  per- 
haps a  great  accumulation  was  made,  forming  a  moraine. 
The  former  position  of  the  ice  front  may  now  be  traced  by 
these  moraine  hills  and  ridges,  which  extend  across  the 
country  as  indicated  in  the  accompanying  maps.  The 
moraine  formed  upon  the  land  is  quite  like  that  now  being 
made  at  the  margins  of  existing  glaciers. 

While  throughout  most  of  New  York  State  the  southern- 
most stand  of  the  glacier  front  was  upon  the  land,  it  is 
quite  possible  that  the  front  in  the  Long  Island  region 

was  at  one  time 
in  the  sea,  as  it 
certainly  was 
farther  east  off 
the  New  England 
coast.  In  this 
case  the  glacial 
deposits  were 
then  dumped  in 
the  ocean  near 
the  ice  margin ; 
but  many  of  the 
finer  particles 
that  could  be 
floated  away  were 
removed  by  cur- 
rents, while  much  material,  both  fine  and  coarse,  was  re- 
moved by  the  numerous  icebergs  which  must  have  broken 
from  the  glacier  front. 

THE  SECESSION  or  THE  ICE  SHEET. — In  time  the  con- 
ditions which  gave  rise  to  the  Glacial  Period  began  to 
change,  and  the  ice  supply  was  no  longer  able  to  maintain 
the  ice  front  at  the  southernmost  limit.1  Then  this  line  was 
abandoned  and  the  ice  front  slowly  melted  back,  uncover- 
ing the  country  over  which  it  had  formerly  advanced. 


FIG.  54.     A  view  over  the  great  ice  plateau  of  Greenland 
with  a  mountain  peak,  or  nunatak,  projecting  above  it. 


1  No  attempt  is  made  here  to  consider  the  question  whether  there  was  one  or 
several  advances  of  the  ice,  partly  because  it  is  still  an  open  question,  but  chiefly 
because  its  bearing  upon  the  physiography  of  New  York  is  not  known. 


of   the    (i!<t<-i«l 
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This  retreat  or  recession  was  intermittent,  for  we  find 
evidence  that  at  certain  places  the  ice  halted,  and  the  front 
remained  long  enough  to  build  terminal  moraines,  or 
moraines  of  recession,  closely  resembling  that  formed  at 
the  outermost  terminus.  Thus,  for  instance,  after  having 
passed  well  down  into  Pennsylvania,1  the  ice  halted  for  a 
long  time  along  the  line  of  the  so-called  "Moraine  of  the 
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Fin.  .".."..  Land  margin.  Cornell  glacier,  Greenland,  showing  debris-laden  ice  layeis 
near  the  base,  and  terminal  moraine  in  the  foreground  (photograph  by 
J.  O.  Martin). 

Second  Glacial  Epoch,"  which  is  shown  for  central  New 
York  upon  the  map  (Fig.  58). 2  Numerous  other  halts  were 
made,  as  shown  by  the  map  of  western  New  York  moraines 
(Fig.  50). 3  Each  of  these  halts  is  marked  by  a  more  or 
less  well-defined  moraine,  formed  at  the  terminus  of  the 


receding  glacier. 


During  the  time   of  formation  of  these 


1  Lewis,  I'roc.  Amer.  I'hil.  Soc.  XX,  1882-3,  002;  Proc.  Amer.  Assoc.  Adv.  Sri. 
XXXI,  ls,s_'.  ::s'.l-'.w;  Amer.  Journ.  Sri.  Ser.  Ill,  X.XV1II,  1884,  27r,-2*:.;  l<ep..rt  /.. 
I'd  (ie.d.  Survey  Pennsylvania;  Wright.  Hull.  .~>S,  I'.  S.  Geol.  Survey.  1S!M>. 

-  Chainberlin,  Trans.  Wisconsin  Arail.  Sri.  IV,  1876-7,  201-21!  I  :  Amer.  Journ. 
Sri.  Ser.  Ill,  XXIV,  1882,  93-97;  Third  Annual  KVport.  U.  S.  (ieol.  Survey,  1883, 
291-402. 

SLeverett,  Amer.   .I<.nrn.   Sri.   Ser.   III.   L.    IMC..   1-20. 
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moraines  the  conditions  at  the  ice  front  must  have  been 
closely  like  those  described  for  the  southernmost  margin. 
Between  these  successive  moraines  the  glacial  recession  must 

have  been  rela- 
tively rapid,  for 
the  front  did  not 
stand  in  any  one 
place  for  a  long 
enough  time  to 
«PK  „  -  ~3&mmi  permit  the  clrag- 

Sssa&.iR^ 
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the  ice  front  in 
sufficient  quan- 
tity to  accumu- 
late m  o  r  a  i  n  i  c 
hills. 

Thus    it   is 

seen  that  in  New  York  State  the  ice  front  first  advanced 
across  the  surface,  visiting  each  part  of  the  State;  but  the 
record  of  what  it  then  did  was  mostly  destroyed  by  its 
continued  advance  over  all  points  excepting  over  the 
deposits  at  the  southernmost  margin.  Then  followed  the 
ice  withdrawal,  during  which  each  part  of  the  State  was 


-"^aCT^ 


PIG.  56.  The  edge  of  a  part  of  the  great  Greenland  ice 
sheet  (on  the  left)  resting  on  the  land,  over  which  are 
strewn  many  boulders  brought  by  the  ice  and  left 
there  when  it  melted. 


FIG.  57.     Bouldery  terminal  moraine  at  margin  of  Cornell  glacier, 
Greenland  (photograph  by  J,  0.  Martin). 
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FIG.  58.  To  show  general  extent  of  ice  in  New  York. 
Southern  limit  of  shading  marks  the  position  of  the 
outermost  terminal  moraine  of  Lewis  and  Wright, 
the  heavy  shading  the  so-called  "Moraine  of  the 
Second  Glacial  Epoch"  (Chamberlin). 


again  visited  by 
the  glacier  front, 
this  t  i  m  e ,  how- 
ever, leaving  a 
record  of  its  visit 
which  can  now  be 
read,  especially  at 
those  places  where 
the  ice  front  lin- 
gered for  a  while 
and  built  mo- 
raines. 

Thus  it  came 
about  that  mo- 
raines were  formed 
at  various  points 
in  New  York,  and 
that  all  over  the 
State,  every  here 

and  there,  the  water  from  the  melting  ice  made  deposits  of 

gravel    an  d 

day     derived 


from  the  gla- 
cier. These 
deposits,  being 

made  by  water, 
are  assorted 
and  stratified. 
All  glacial  de- 
posits are 
called  drift,  a 
name  inher- 
ited from  the 
t  i  me  when 
they  were  ex- 
plained as 
flood  deposits. 
The  water  do- 


•-' 


- 


Fir,,  59.  Map  of  moraines  in  western  New  York.  Direction 
of  ice  movement  shown  by  arrows.  Drumlins  marked 
south  of  K'orhrstor.  Old  lit-arli  lint-  sli(i\vn  along  Kri<- 
Ontario  shores  (Lercrett). 
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posits  are  called  stratified  drift,  or  sometimes  modified  drift, 
because  they  are  not  deposits  direct  from  the  ice,  but 
modified  through  the  intervention  of  water.  Naturally  the 
stratified  drift  is  most  commonly  found  in  valleys,  for  it 
was  there  that  the  water  went;  but  it  is  not  confined  to  the 


FIG.  60.     Cross-bedded  stratified  drift,  Ithaca,  New  York  (photograph  by 

C.  S.  Downes). 

valleys,  for  many  a  stream  from  the  ice  top,  or  from 
beneath  the  glacier,  reached  the  edge  of  the  glacier  upon 
a  hillside,  or  even,  in  some  cases,  upon  a  hilltop.  Not 
only  does  the  position  vary,  but  the  depth  also,  though,  in 
general,  the  stratified  drift  is  deepest  in  the  valleys,  being 
in  some  cases  two  or  three  hundred  feet  deep. 

Held  firmly  in  the  ice,  and  dragged  along  beneath  it, 
were  rock  fragments, — bits  of  clay,  pebbles,  and  great 
boulders,  —  all  journeying  southward;  and,  side  by  side, 
were  coarse  and  fine  fragments.  As  the  ice  was  withdraw- 
ing, and  these  rock  fragments  were  loosened  by  melting, 
some  of  them  went  away  in  the  water  to  be  deposited  as 
stratified  drift;  but  much  fell  directly  to  the  ground  or 
stayed  in  its  place  at  the  bottom  of  the  glacier.  The  drift 
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thus  deposited  from  the  ice  was  not  definitely  assorted,  but 
was  made  of  clay,  sand,  pebbles  and  boulders  mixed  in- 
discriminately together,  for  the  ice  was  able  to  carry  a 
large  boulder  as  well  as  a  bit  of  clay,  a  fact  which  is  not 
true  of  water  under  ordinary  conditions.  These  deposits 
from  the  glacier  form  the  characteristic  soil  of  New  York, 
particularly  of  the  hillsides  and  hilltops,  and,  in  places,  of 
the  valley  bottoms  also.  This  glacial  soil  is  known  as  till 
or  boulder  day  (Fig.  35).  Thus  it  happens  that  a  farm  in 
one  part  may  be  bouldery  and  clayey,  in  another  part 
clayey  without  boulders,  and  still  elsewhere  either  sand  or 
gravel.  In  each  of  these  cases  there  was  a  cause,  which, 


FIG.  61.     Near  view  of  a  cut  in  glacial  till,  gullied  by  the  rains  and  with  numerous 
transported  pebbles  embedded  in  the  rock  flour. 

by  careful  study,  can  often  be  determined,  though  sonic- 
times  this  is  impossible  because  of  the  complexity  of 
conditions  attending  the  withdrawal  of  the  ice,  the  full 
evidence  of  which  is  sometimes  lacking. 

With  the  withdrawal  of  the  ice  the  conditions  were 
again  made  favorable  for  the  existence1  of  animal  and 
plant  life  upon  the  surface.  Foot  by  foot  the  country  was 
relieved  of  its  ice  blanket,  and  slowly  the  soil  left  by  the 
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glacier  began  to  be  made  to  nourish  plant  life  and  to 
furnish  a  dwelling  place  for  animals.  At  first,  skirting  the 
ice  front,  there  must  have  been  strips  of  land  entirely 
without  vegetation.  Then  came  the  light- seeded  grasses 


FIG.  62.     The  terminal  moraine,  West  Danby,  in  Cayuga  valley  south  of   Ithaca, 
New  York  (photograph  by  C.  S.  Downes). 

and  small  plants,  and  then  the  forest.  During  this  bare 
condition  of  the  soil  the  rain  fell,  and  gathering  into  mud- 
laden  rills,  washed  much  of  the  imported  soil  away,  as  it 
now  does  on  the  roads  and  ploughed  fields;  and  this  sedi- 
ment was  added  to  the  stratified  drift  from  the  glacier. 

There  is  good  reason  to  believe  that  the  rains  were 
perhaps  heavier  then  than  now,  for  the  presence  of  the  ice 
to  chill  the  moisture -laden  winds  from  the  south,  and  the 
large  amount  of  vapor  that  would  be  produced  from  the 
floods  of  the  glacier- supplied  waters,  would  bring  about 
conditions  favoring  heavier  rain.  At  this  time,  also,  in 
places  where  the  slope  was  sufficient  for  the  removal  of  the 
sediment,  the  streams  must  have  had  more  power  to  cut 
than  now;  and  probably  much  of  the  gorge  cutting  in 
central  New  York  was  accomplished  during  this  time,1 


'Tarr,  Amer.  Geol.,  XIX,  1897,  135. 
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when  there  was  apparently  more  water  and  when  the  water 
that  fell  upon  the  surface  certainly  flowed  away  more 
quickly,  in  the  form  of  floods,  than  it  did  later  when  its 
run -off  was  retarded  by  the  forests.  Also,  at  this  time  th<> 
streams  had  more  sediment  to  serve  as  cutting  tools  than 
later,  when  the  soil  was  held  in  place  by  the  roots  of  the 
forest  trees. 

What  happened  among  the  mountains  during  the  advance 
of  the  glacier  probably  also  happened  during  its  withdrawal, 
though  in  reverse  order.  In  Greenland  the  last  stage  of 
glacier  retreat  upon  land  from  which  the  glacier  has  just 
withdrawn,  is  that  of  local  valley  glaciers.  The  same  was 
true  in  New  Hampshire,  and  Maine;  and,  no  doubt,  when 
studies  of  the  Adirondacks  have  been  made,  evidence  of 
local  valley  glaciation  will  be  found  there  in  many  places.1 

MORAINES. — Topography. — In  many  places  where  the  ice 
front  stood  for  only  a  very  short  time,  the  moraine  which 
accumulated  at  the  margin  is  not  very  deep.  Sometimes 
it  is  merely  a  tract  of  unusually  numerous  boulders;  but 
in  many  places  so  much  material  has  been  deposited  that 


FIG.  63.     Nearly  boulder-free  moraine  in  Pennsylvania  (Lewis). 

the  moraine  forms  a  very  striking  feature  of  the  land- 
scape. This  is  particularly  true  of  many  parts  of  the 
so-called  terminal  moraine  of  the  Second  Glacial  Epoch.2 

1  Since   this   was    first   written    studies    by  tlir    author  in    the  Adirondacks    have 
verified  this  statement  of  probability. 

2Chambcrlin,  M  Annual  Kept.  U.  S.  Geol.  Survey,  1883,  291. 
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Among  some  of  the  moraines  of  recession  to  the  north  of 
this,  as  well  as  in  the  earlier  Pennsylvania  moraine  to  the 
south  of  it,  the  morainic  topography  is  often  strongly 
developed. 

A  terminal  moraine  is  essentially  complex,  and  this 
applies  to  both  form  and  structure.  In  form,  or  topo- 
graphic detail,  it  is  typically  a  system  of  hummocky  knolls, 


FIG.  64.    Lake  in  kettle  holes  in  moraine  of  Colorado  Rockies  (photograph  by  Jackson, 

Denver,  Colorado). 

with  intermediate  valleys,  often  saucer-  and  kettle -shaped, 
forming  distinct  closed  basins.  The  hummocks  may  reach 
to  the  dignity  of  good-sized  hills,  perhaps  200  or  300  feet 
high,  though  commonly  not  more  than  half  this.  Their 
form  is  often  quite  circular,  sometimes  elliptical,  and  again 
ridge- like.  The  hummocky  hills  are  put  together  in  such 
a  confused  manner  that  there  seems  to  be  no  order  what- 
soever, the  form  being,  on  a  much  larger  scale,  somewhat 
the  same  as  that  produced  when  many  loads  of  sand  are 
dumped  near  together  without  any  attempt  at  order.  Some 
of  the  hummocks  are  steep,  others  gently  sloping,  some 
symmetrical,  and  others  distinctly  unsymmetrical.  I 
know  of  no  type  of  topography  which  closely  simulates 
that  of  the  moraine  with  the  exception  of  the  wind-blown 
sand  deposits  in  a  sand- dune  region.  In  such  places, 
judging  from  the  form  alone,  one  might  often  imagine 
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liimself  upon  a  moraine.  In  a  limestone  region  with  abun- 
dant kettles  there  is  also  a  certain  resemblance  to  morainic 
topography. 

The  moraine  is  not  a  distinct  ridge,  but  a  range  of 
low  hills  and  valleys,  with  a  breadth  from  north  to  south 
of  rarely  more  than  two  or  three  miles,  though  sometimes, 
as  in  the  southern  end  of  the  valleys  of  the  larger  Finger 
Lakes  of  New  York,  from  ten  to  fifteen  miles  in  a  north- 
south  direction.  When  seen  in  a  near  view,  the  moraine 
exhibits  a  striking  topography;  but  when  looked  at  as 
part  of  a  general  hilly  region,  its  importance  becomes 
greatly  masked,1  because  of  the  lowness  of  the  hummocks. 


—    v; 

-•      . 


FIG.  65.     A  part  of  the  New  Jersey  moraine  showing  (by  shading)  numerous 

kettle  ponds  (Salisbury). 

Indeed,  many  moraines  in  hilly  districts  have  not  yet  been 
detected  because  of  this  very  fact. 

Next  in  importance  to  the  hummocks  are  the  valleys, 
which  are  often  true  basins  called  kettle  holes.  In  plact-s 
these  are  so  prominent  that  the  moraine  has  been  called 
a  kettle  moraine.2  In  these  basins  there  is  often  no  water, 


'Sec    Fig.  41,   where    a    very  pronounced    moraine,    occupying  nearly    the  entire 
valley  south  of  Lake  Cayuu'a.   is  masked   )>y  the   general  topographic 
"Chamberlin,  Trans.   Wisconsin  Acad.   Sci.    IV.   1870-77,  L'Ol. 
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FIG.  66.     The  bouldery  Cape  Ann  (Massachusetts)  moraine  (photograph  by 

J.  L.  Gardner,  2nd). 

because  the  bottom  is  too  porous  and  the  water  supply  too 
slight,  coming  merely  from  the  rim  of  the  tiny  basin;  but 
where  the  drainage  area  is  larger,  or  the  bed  more  im- 
pervious, a  kettle  is  often  transformed  to  a  pond  or  swamp. 
Indeed,  in  some  places  there  are  so  many  that  the  moraine 
is  literally  dotted  with  tiny  morainic  ponds  (Fig.  65).  The 
depth  of  these  kettles  varies  greatly,  some  mentioned  by 
Koons  being  50-90  feet  deep.1  These  basin-like  depressions 
are  sometimes  circular  or  elliptical  or  irregular,  apparently 
being  formed  irregularly,  as  were  the  hills.  Indeed,  in 
many  cases  the  kettles  are  merely  the  spaces  where  mo- 
rainic deposits  were  not  made. 

Structure. —  The  internal  structure  of  the  moraine  is 
also  exceedingly  complex.  As  in  the  case  of  the  till  sheet, 
it  is  sometimes  almost  free  from  boulders,  sometimes  ex- 
ceedingly bouldery.  In  New  York,  the  moraine  is  com- 
monly rather  free  from  large  stones,  as  is  the  till  sheet 


i  Koons,   Amer.    Journ.    Sci.    Ser.    Ill,    XXVII,    1884,    260-264;     same,    Ser.    Ill, 
XXIX,  1885,  480-486. 
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also,  the  reason  for  this  being  that  the  rocks  of  the  State 
are  prevailingly  soft  and  easily  ground  down.  This  is 
particularly  true  of  central  and  western  New  York,  where 
the  scattered  large  boulders  are  mostly  Canadian  in  origin; 
but  in  many  sections,  as  in  eastern  New  York,  there  are 
places  where  boulders  are  more  common,  because  of  the 
greater  hardness  of  the  rock  of  the  neighborhood  and 
immediately  to  the  north.  In  New  England  the  prevailing 
condition  of  the  till  is  bouldery,  for  the  same  reason. 

When  a  moraiuic  hummock  is  cut  into  and  its  internal 
structure  revealed,  it  may  be  found  to  be  till  throughout, 
or  it  may  be  entirely  made  of  gravel,  or  there  may  be  a 
certain  proportion  of  each  of  these.  There  is  a  complexity 
of  structure  which  is  most  confusing;  and  one  can  see  no 
law  in  the  distribution  of  materials.  Some  moraines  are 


Fia.  67.  Section  through  a  part  of  the  moraine  in  Cayuga  valley  south  of  Ithaca, 
showing  stratified  drift  on  right  and  unstratifled  till  on  left  (photograph  by 
C.  S.  Downes). 

prevailingly  sand  and  gravel,  others  prevailingly  till.  One 
can  rarely  tell  what  will  be  found  when  a  morainic  hum- 
mock is  cut  through.  There  may  be  all  till  or  no  till,  all 
stratified  clay  or  none  of  this,  all  sand  and  gravel  or 
none  ;  or  some  of  each  of  these  deposits  may  occur. 
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Sometimes  beds  of  sand  or  gravel  are  found  upon  till; 
again,  they  occur  beneath  the  till,  or  possibly  sandwiched 
between  two  till  beds. 

Explanation  of  Morainic  Irregularities. — There  must  be 
a  cause  for  this  variety  of  form  and  structure.  In  any 
specific  case  it  would  be  exceedingly  difficult  to  find  the 
cause  for  each  of  the  hills  and  kettles;  and  indeed  the 
explanation  of  these  irregularities  is  not  agreed  upon  even 
in  general  terms.  Professor  Salisbury1  considers  moraines 
to  be  chiefly  the  result  of  accumulations  of  drift  under 
the  frontal  edge  of  the  ice,  to  which  place  it  has  been 
dragged  and  there  left,  because  near  the  thinner  ice  edge 
it  was  impossible  to  carry  the  drift  load  further  southward. 
To  this  cause  was  of  course  added  that  material  which 
was  dumped  from  the  ice -front  as  it  melted,  as  well  as 
some  that  was  pushed  or  "shoved"  up  to  the  margin  by 
ice  advance;  but  these  two  last  causes  are  believed  to  be 
subordinate.  Other  glacialists  assign  to  the  dumping  pro- 
cess the  chief  importance,  and  still  others  believe  that 
shoving  has  been  of  most  importance.  In  fact,  Professor 
Shaler2  speaks  of  the  "shoved  moraine"  as  a  synonym  for 
a  part  of  the  terminal  moraine. 

This  is  not  the  place  for  a  discussion  of  the  merits  of 
this  question.  It  seems  very  probable  that,  at  different 
times,  or  in  different  places,  as  the  circumstances  varied, 
either  of  these  causes  may  have  predominated.  My  own 
conception  of  how  a  moraine  is  built  is  that  the  dumping 
predominates  in  the  main,  with  shoving  of  secondary  im- 
portance, while  submarginal  accumulation  is  more  rarely 
of  prime  importance.  This  is  based  partly  on  my  own 
conception  of  ice  work,  partly  upon  a  somewhat  wide- 
extended  view  of  the  terminal  moraine  of  the  eastern  part 
of  this  country,  and  partly  upon  a  study  of  the  extensive 
moraine  now  forming  in  Greenland  along  a  part  of  the 
margin  of  the  great  continental  glacier.  The  statement 


1  Annual  Rept.  New  Jersey  Geol.  Survey,  1891,  81. 

2  Ninth  Annual  Rept.  U.  S.  Geol.  Survey,  546. 


Influence    <>f  tin     (Uncial    Ptr'nxl    L'jxnt     Topiujra^lnj       125 


that  follows  is  therefore  advanced  purely  as  my  own  con- 
ception, and  not  necessarily  that  of  others.  It  is  recognized 
that  very  likely  in  the  Middle  West,  where  the  ice  load  was 
greater,  submarginal  accumulation  may  have  been  much 
more  important  than  it  seems  to  have  been  in  the  east, 
and  vastly  more  important  than  it  is  in  Greenland. 

The  ice  carried  a  greater  amount  of  debris  to  some 
places  than  to  others,  partly  because  it  actually  had  more 
material  to  carry,  and  partly  because  it  was  moving  faster 
in  some  places  than  in  others.  This  is  one  element  of 
irregularity.  Here  and  there  such  a  difference  in  supply 
may  express  itself  in  rnorainic  accumulations  under  the 
margin  of  the  ice;  but  wherever  I  have  carefully  studied 
the  moraine  there  has  been  found  no  evidence  that  this 
was  so.  In  Greenland,  and  apparently  also  in  New  York 
and  New  England,  the  chief  moraine  supply  seems  to  have 
been  from  the  ice  front.  As  living  glaciers,  while  holding 
a  general  position,  vary  their  exact  ice  front  with  the 
season,  so  the  continental  glacier,  while  building  its 
moraine,  advanced  and  receded  during  its  general  stand. 
Hence  material  previously  deposited  at  the  glacier  front 
would  be  overridden,  and  perhaps  shoved  up  into  ridge- 
like  hills;  or,  if  the  ice  withdrew,  new  areas  would  be 
opened  to  the  process  of  dumping. 

All  of  this  time  the  ice  is  moving  up  to  the  end,  bear- 
ing its  load,  which,  when  the  ice  melts,  slides  down  to  the 
base  in  the  form  of  pieces  varying  from  bits  of  clay  to 
large  boulders,  more  perhaps  coming  to  some  places  than 
to  others.  This  process  may  be  actually  seen  in  opera- 
tion in  Greenland  to-day  (Figs.  55  and  57).  If  the  ice 
advances,  overriding,  or  possibly  even  shoving  some  of 
the  moraine  in  front  of  it,  the  deposits  are  heaped  up 
evru  more  irregularly  than  by  the  first  dumping.  That 
something  of  this  sort  has  happened  is  indicated  by  the 
fact  that  in  the  moraine  the  strata  are  often  tilted  and 
broken,  showing  that  they  have  been  subjected  to  some 
force. 

Hills   and  vallevs  are  formed   as  the   ice   front   changes 
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its  line  of  deposit.  This  is  the  cause  for  the  hurnmocky 
topography  in  the  Greenland  picture  (Fig.  57),  and  seems 
perfectly  competent  to  explain  the  similar  irregularities  in 
the  United  States.  In  fact,  until  proof  is  brought  to  the 
contrary,  I  feel  that  this  view  of  the  origin  of  many  of 
the  moraines  stands  best  supported  by  fact. 

The  irregularity  of  form  described  above,  as  well  as  the 
irregularity  of  texture,  is  greatly  increased  by  the  action 
of  water  from  the  ice.  In  some  cases  the  moraine  is 
being  built  upon  a  hillside  sloping  away  from  the  ice,  and 
then  the  water  may  remove  much  that  the  ice  brings;  but 
if  the  opposite  is  true,  very  little  escapes,  so  that,  with  the 
same  rate  and  amount  of  till  supply,  we  may  have  great 
or  small  moraines  built  according  to  the  proportion  carried 
away  by  the  water.  This  cause  for  irregularity  applies 
equally  in  a  small  way.  Here  a  stream  was  cutting  a 
hummock  away;  there  it  was  depositing  a  part  of  the 
material  already  removed,  perhaps  in  little  marginal  lakes 
extending  along  the  ice  front.  In  consequence,  the  condi- 
tions were  exceedingly  complex,  so  that,  naturally,  the 
results  were  complex  both  as  to  structure  and  form.  This 
complexity  of  conditions  may  be  observed  along  the  Green- 
land ice  margin  at  present  and  probably  also  existed  in 
the  United  States  during  the  ice  age. 

While  advocating  this  view,  it  is  not  insisted  that  sub- 
marginal  accumulation  is  impossible,  nor  are  the  three 
causes  above  mentioned  all  that  were  possible.  The  sur- 
face of  the  ice  may  have  become  covered  with  rock  debris, 
like  that  to  be  seen  in  the  Malaspina  Glacier  of  to-day; 
and  this,  through  irregularity  of  melting  of  the  ice  which 
the  debris  covered,  may  have  assumed  distinctly  morainic 
form  and  structure,  and  then,  as  the  ice  melted,  have 
been  dropped  to  the  ground  and  added  to  the  other 
accumulations.  Again,  debris  washed  from  the  land  to  the 
ice  margin,  or  even  out  upon  it,  may  have  helped  make 
the  moraine.  Such  an  origin  is  indicated  for  a  part  of 
the  moraine  in  the  Lake  Cayuga  valley,  and  apparently 
accounts,  in  part,  for  its  remarkable  development  in  that 
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valley,  while  elsewhere  along  the  same  morainic  line  the 
moraine  topography  is  for  the  most  part  especially  marked 
only  in  the  valleys,  and  is  sometimes  almost  indistinguish- 
able. 

The  Extent  of  the  Moraine  in  Neiv  York.  —  No  attempt 
will  be  made  here  to  tell  in  detail  about  the  distribution 
of  the  New  York  moraines.  What  little  is  known  is  mostly 
told  upon  the  accompanying  maps  (Figs.  48,  58  and  59)  ; 
but  it  is  to  be  understood  that  the  Chamberlin  map  is  merely 
an  approximate  and  generalized  expression  of  the  principal 
morainic  districts.  Numerous  moraines  are  not  placed 
upon  it,  and  those  that  are,  are  not  always  correctly 
placed.  It  was  based  upon  a  preliminary  reconnaissance, 
and,  unfortunately,  nothing  of  a  more  thorough  nature  has 
since  been  done  in  the  greater  part  of  the  State. 

A  few  words  of  a  general  kind  may  accompany  these 
maps.  It  will  be  noticed  that  the  moraine  enters  New  York 
from  the  southwest,  just  to  the  southwest  of  the  lower  end 
of  Chautauqua  Lake.  At  Jamestown  it  is  remarkably  well 
developed,  and,  horn,  that  point,  two  lines  of  moraine 
diverge,  one  passing  northeastward  toward  the  western 
boundary  of  the  Genesee  Valley,  the  other  passing  very 
near  Salamanca  southeastward  into  Pennsylvania,  and 
thence  on  to  New  Jersey.1  With  the  interpretation  of  Lewis 
and  Wright,  that  the  southernmost  moraine  is  in  reality 
the  outermost  moraine  of  the  last  glacial  advance,  I  am 
in  full  agreement.  The  facts  presented  by  these  writers 
have  never  been  satisfactorily  disproved.  Therefore,  not- 
withstanding the  difference  of  opinion  expressed  upon 
Prof.  Chamberlin's  map,  I  accept  the  interpretation  of  the 
Pennsylvania  geologists. 

According  to  this  view  the  actual  terminal  moraine  is 
found  in  only  two  parts  of  New  York  State,  the  Long 
Island  region  and  southwestern  New  York,  which  is  the 
place  where  the  ice  front  stood  farthest  north  in  eastern 
United  States.  The  reason  why  the  glacier  did  not  reach 

1  This  moraine  is  the  one  described  by  Lewis  ivml  Wright.  See  reference,  page 
113. 
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farther  south  in  western  New  York  is  partly  the  barrier 
caused  by  the  very  high  plateau  region  of  rugged  topog- 
raphy which  exists  in  northern  Pennsylvania  and  south- 
western New  York.  Where  the  terminal  moraine  of  Lewis 
and  Wright  crosses  central  New  Jersey  it  is  well  de- 
veloped and  the  same  is  true  where  it  again  enters  the 
State  of  New  York  in  New  York  Bay,  where  it  crosses  to 
Long  Island.  The  sandy  and  hummocky  hills  of  this 
island  are  in  large  part  due  to  the  remarkable  develop- 
ment of  the  terminal  moraine,1  which  may  be  traced  still 
further  eastward  upon  Block  Island,  the  Elizabeth  Islands, 
Martha's  Vineyard  and  Nantucket.  It  is  by  no  means 
certain  that  the  Long  Island  moraine  is  the  actual  outer- 
most terminal  moraine,  for  it  is  possible  that  the  ice  front 
to  the  south  of  New  England  was  at  one  time  in  the  sea 
to  the  southward  of  Long  Island.  In  that  case  the  Long 
Island  moraine  may  correspond  with  one  of  the  later  halts, 
possibly  with  the  well  developed  one  in  west  central  New 
York.  Much  careful  work  is  necessary  before  the  exact 
correlation  of  the  several  moraines  is  possible. 

North  of  this  extreme  terminal  moraine  are  numerous 
morainic  patches  and  somewhat  indistinct  lines  of  morainic 
topography,  many  of  which  are  not  yet  mapped  and  cor- 
related. There  is,  for  example,  some  moraine  in  the  valley 
of  the  Chemung  and  Susquehanna  Rivers,  as  well  as  in 
some  of  their  tributaries,  indicating  a  series  of  brief  halts 
of  the  ice.  Still  further  north,  in  the  Genesee  Valley,  and 
along  the  headwater  region  of  the  Finger  Lakes,  and 
thence  northeastward  to  the  Mohawk,  there  is  much 
moraine,  indicating  a  prolonged  halt  of  the  ice,  with  the 
front  by  no  means  uniform  in  position.  The  history 
marked  by  this  development  of  moraine  has  never  been 

i  Bryson,  Geol.  Mag.,  X,  1883,  1G9-171;  Amer.  Geol.  Ill,  1889,  214;  same,  XII, 
1893,  127,  402;  same,  XIII,  1894,  390;  same,  XV,  1895,  188;  same,  XVI,  1895,  288; 
Dana,  Amer.  Journ.  Sci.  Ser.  Ill,  XL,  1890,  425-437;  same,  Ser.  Ill,  XLI,  1891, 
101;  Hollick,  Trans.  New  York  Acad.  Sci.  XII,  1893,  189-202,  222-237;  same,  XIII, 
1895,  122-130:  same,  XIV,  1894,  8-20;  same,  XV,  1895,  3-10;  same,  XVI,  1896, 
9-18;  Lewis,  Amer.  Journ.  Sci.  Ser.  Ill,  XIII,  1877,  142-146;  Mather,  New  York 
Geol.  Survey,  1st  Dist.  1843,  271;  Merrill,  Ann.  New  York  Acad.  Sci.  Ill,  1883-5, 
341-364;  Upham,  Amer.  Journ.  Sci.  Ser.  Ill,  XVIII,  1879,  81-92,  197-209. 
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worked  out,  though  it  is  not  so  simple  as  might  be  sup- 
posed from  the  map  (Fig.  58).  There  were  numerous 
minor  halts  and  fluctuations  of  position  in  the  general 
stand  in  this  vicinity.  This  moraine  is  strongly  developed, 
but  from  the  valleys  alone  one  would  get  an  erroneous 
notion  of  its  importance.  There  are  places  on  the  hills 
where  this  moraine,  though  strongly  developed  in  the 
valleys,  is  traced  with  difficulty.  The  detailed  work  of 
Leverett,1  indicated  by  Figure  59,  gives  some  idea  of  the 
complexity  of  the  ice  withdrawal  from  western  New  York. 

North  of  this  well  developed  morainic  baud  there  are 
others,  the  best  developed  one  in  New  York  being  north 
of  the  Finger  Lakes,  and  not  shown  on  the  Chainberlin 
map.  In  the  Adirondack  region  there  are  other  moraines 
of  recession.2  Concerning  the  moraines  of  the  Adiron- 
dacks,  the  Catskills,  and  other  sections  of  eastern  New 
York,  practically  nothing  is  known.3  There  certainly  are 
moraines  in  this  region,  as  there  are  in  New  England;  and 
in  all  probability  the  recession  of  the  ice  from  this  section 
of  the  State  was  much  more  complex  than  in  the  central 
and  western  portions;  for,  in  addition  to  the  moraines 
made  by  the  great  ice  sheet,  very  much  influenced  by  the 
rugged  topography,  and  hence  scattered  and  difficult  to 
trace,  there  were  local  glaciers  in  the  mountain  valleys, 
as  there  are  now  in  Greenland,  and  as  there  were  at  the 
close  of  the  Glacial  Period  in  New  Hampshire  and  Maine. 
The  mapping  and  correlation  of  these  moraines  is  one  of 
the  important  problems  in  the  geology  of  New  York  and 
one  that  will  help  greatly  in  interpreting  the  history  of 
the  glacial  period.  Until  such  work  has  been  done  in 
New  England  and  New  York  we  will  have  but  a  meagre 
knowledge  of  the  great  American  ice  sheet. 


r.  Journ.  Sci.  Ser.  Ill,  L.,  1895,  1-20. 

2  For  an  interpretation  of  the  withdrawal  of  the  ice  front  from  North  America, 
see  Upluun,   Anier.   Journ.   Sci.   Ser.    Ill,    XLIX,   1895,  1-18;   Bull.  Geol.  Soc.  Ainer. 
VII,  1896,  23;  Chalmers,  Amer.  Journ.  Sci.  Ser.  III.  XLIX,  1895,  27:5-275. 

3  Some   notes    on  Glacial  Geolopy  of   New  York  will  be  found   in  the  following: 
Dana,  Anipr.  Journ.  Sci.  Ser.  II,  XXXV,  IHC,.1!.  iM.'!-9;  Stevens,  Amer.  Journ.  Sci.  Ser. 
III.    IV.   1872,  H8-90;   Julien,  Trans.  New  York  Acad.  Sci.  Ill,  1883,22-30;   Brigham, 
Amer.  Journ.  Sci.  Ser.  Ill,  XLIX,   1895,  213-228. 
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OVEKWASH  PLAINS  AND  VALLEY  TRAINS. J  —  These  have 
already  been  mentioned  (pp.  86-88)  and  can  therefore  be 
briefly  dismissed  here.  Where  the  glacier  front  stood  for 
a  long  enough  time  to  build  moraiuic  hills,  the  floods  of 
water,  being  commonly  overburdened  with  sediment,  built 
up  deposits  of  stratified  gravel  on  the  southern  side  of  the 
moraine  (Figs.  36  and  68).  Where  the  topography  was 
not  rugged,  numerous  ice -derived  streams  built  sloping 
plains  resembling  low  alluvial  fans.  These  are  well  seen 
on  Long  Island  and  Martha's  Vineyard,  and  to  those  of 
the  latter  place  Professor  Shaler  has  given  the  very  de- 
scriptive name  of  frontal  aprons.*  The  plains  on  the  south- 
ern slope  of  Long  Island  are  of  this  origin,  and  they  are 
often  crossed  by  the  channels  of  the  streams  that  built 
them,  though  now  in  many  cases  no  water  flows  in  them.3 
Overwash  plains,  as  these  are  also  called,  are  not  confined 
to  this  section,  but  in  less  perfect  development  are  found 
every  here  and  there  on  the  southern  side  of  the  New  York 
moraine,  particularly  in  the  south-sloping  valleys  (Fig.  68). 
The  best  instance  with  which  I  am  familiar  outside  of 
Long  Island  is  that  upon  which  Horseheads,  north  of 
Elmira,  is  situated.4 

These  plains  often  merge  into  valley  trains  of  stratified 
drift.  Practically  all  the  south- sloping  valleys  of  western 
New  York  have  been  embarrassed  by  these  sediments,5 
which  are  sometimes  very  deep.  The  Susquehanna  and 
its  tributaries,  even  beyond  the  boundary  of  New  York, 
contain  deposits  of  this  origin,  so  that  now  the  river,  as 
in  the  case  of  many  others,  is  flowing  high  above  the  old 
rock  bottom  of  the  pre-glacial  valley.  By  this  water  action 
much  of  the  glacial  drift  was  removed  well  beyond  the 
ice  margin,  and  not  a  little  of  it  reached  the  sea.  The 
stream  valleys  sloping  away  from  the  ice  all  show  some 
effects  of  this  flooding  with  sediment- laden  glacier  water. 

1  See  Salisbury,  1892  Report,  New  Jersey  Geol.  Survey,  96-125. 
-  Shaler,  9th  Annual  Report,  U.  S.  Geol.  Survey,  1889,  548. 

3  See  references  (on  p.  128)  to  the  Long  Island  moraine. 

4  Fairchild,  Bull.  Geol.  Soc.  Amer.,  VI,  1895,  367. 

•'•  Brigham,  Bull.  Geol.  Soc.  Amer.,  VIII,  1897,  17-30. 
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These  deposits  grow  finer  and  finer  as  we  proceed  down 
stream,  being  coarse  gravel  near  the  moraines  and  often- 
times fine  clay  near  the  sea. 

The  surface  of  overwash  plains,  valley  trains,  moraines 
and  sandplains  (described  just  below)  is  often  pitted  with 
little  kettle-shaped  depressions.1  These  kettles  were  some- 
times caused  by  irregularities  of  deposits,  either  through 
differences  in  supply  of  material,  or  through  the  influence 
of  currents  which  were  swirling  about,  forming  eddies  here 
and  there.  In  other  cases,  and  perhaps  the  majority,  the 
kettle  has  resulted  from  failure  to  deposit  material  because 
that  particular  part  of  the  surface  was  occupied  by  an  ice 
fragment  or  a  stranded  iceberg.  By  the  deposit  of  strati- 
fied drift  all  around  the  stranded  ice  fragment  and  finally 
over  it,  and  then  by  the  ice  melting,  the  sediment  was  left 
to  settle  down,  forming  a  kettle-hole.  In  the  marginal  lakes 
on  the  coast  of  Greenland  instances  of  the  latter  origin  of 
kettles  may  be  seen;  and  it  is  probable  that  while  the 
American  ice  sheet  was  melting  away,  the  conditions  favor- 
ing this  mode  of  formation  of  basins  were  in  operation. 

LAKE  DEPOSITS.  —  During  the  retreat  of  the  glacier,  as  is 
shown  on  page  111,  many  lakes  were  made  in  regions  where 
now  they  are  impossible.  At  that  time  there  were  ice 
dams  where  at  present  there  is  no  barrier  to  the  .free 
northward  flow  of  the  rivers.  As  the  ice  front  withdrew, 
passing  north  of  the  Allegauy  and  Susquehanna-St.  Law- 
rence divide,  each  of  the  valleys  that  sloped  northward 
was  dammed  by  the  glacier,  and  lakes  were  formed  in 
their  southern  ends.  The  areas  of  these  lakes  grew  as  the 
glacier  front  stood  farther  and  farther  north,  until,  finally, 
the  ice  -withdrawal  was  sufficient  to  admit  of  a  northern 
outflow,  when  the  lake  level  fell.  This  distinct  lake  history 
by  itself  has  been  interesting,  and  is  told  by  the  deposits 
made  during  the  time  that  the  waters  were  thus  ponded.2 


1  Sec  references  to  Koons,  p.  122;  also  Woodworth,  Amer.  Geol.,  XII,  189:!,  270. 

2  Fairohilil,  Bull.  Geol.  S<>,-.  Amor.,  VI,    IKOf,,  .'<.".:!- .'!7I  :     I, inn, In,   New   York   Slat.' 
Museum  Report,  48,  Part  2.  1894.  74-77;   Watson,  New  York  State  Museum  Report.  :,1, 
Part  1,  1H!I7,  r55-rl!7. 
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Along  these  lake  shores,  beaches  and  bars  were  in  some 
cases  built,  while  deltas  were  very  commonly  formed  at 
the  mouths  of  the  tributary  streams.  These,  however, 
are  not  strictly  glacial  deposits,  though  in  cause  intimately 
related  to  the  glacier.  But  in  the  lakes,  deposits  of  strat- 
ified drift  were  also  made  from  material  derived  directly 
from  the  ice.  As  the  streams  emerged  from  the  glacier 
into  these  temporary  lakes,  they  poured  their  volumes  of 
sediment  into  the  quiet  lake  waters,  where  it  settled,  the 
coarsest  near  the  glacier,  the  finer  farther  away,  forming  a 
layer  of  lake  clay.  Such  clay  deposits  are  especially  well 
developed  along  the  southern  shores  of  Lakes  Erie  and 
Ontario,  though  not  absent  from  the  numerous  smaller 
valleys  of  the  Finger  Lake  region.  To  these  were  added 
deposits  dropped  from  the  glacier  itself,  and  still  others 
that  were  floated  away  into  the  lake,  buoyed  up  by  the 
tiny  icebergs  that  must  have  broken  from  the  ice  front. 

These  deposits  have  not  notably  modified  the  surface 
of  New  York,  though  they  have  added  somewhat  to  the 
glacial  modifications  of  the  details  of  topography.  Along 
the  ice  margin,  at  its  various  stands,  deposits  must 
have  been  made  rather  extensively  near  the  mouths  of  the 
sub-glacial  rivers.  No  doubt  such  deposits  are  common 
in  portions  of  the  State,  though  they  have  not  been  de- 
scribed from  there.  In  New  England  they  are  quite  com- 
monly found,  especially  near  the  coast,  where  they  are  called 
sandplains.1  These  are  really  deltas  in  a  body  of  water 
now  absent.  The  material  was  supplied  from  the  melting 
of  the  ice,  and  the  form  of  the  deposit  is  that  of  a  true 
delta,  flat-topped,  with  steep  front,  and  traversed  by  stream 
channels,  and  sometimes  pitted  on  the  surface  by  kettles, 
probably  formed  by  the  same  means  as  those  mentioned 
above  (p.  130)  .2  Future  study  will  no  doubt  discover  sand- 
plains  in  New  York  (p.  90) . 

1  There  is  reason  for  believing  that  some  of  the   New  England  sandplains  are 
really  deltas  formed  in  the  sea  when  the  land  was  somewhat  lower  than  at  present,  as 
it  was  during  the  close  of  the  Glacial  Period. 

2  For   a   discussion    of   sandplains   see   Davis,   Bull.  Geol.    Soc.    Amer.,   I,    1890, 
195-202;  Davis,  Proc.  Boston  Soc.  Nat.  Hist.,  XXV,  1892,  477-499;    Gulliver,  Journ. 
Geol.,  1, 1893,  803-812;  Salisbury,  Annual  Kept.  New  Jersey  Geol.  Survey,  1892,99-102. 


Influence    of   tltc    (llndul    /'<  ri»<l    l^xm     T<>j><></r<ti>Jiy      133 

KAMES. —  Throughout  New  York,  commonly  in  associa- 
tion with  the  moraines,  but  often  isolated,  there  are  single 
hills,  or  groups  of  hummocky  hills,  of  stratified  drift  called 
kames.1  In  topographic  form  they  resemble  moraines  and 
are  often  a  part  of  such  deposits;  but  elsewhere  they  seem 
to  bear  no  relation  to  morainic  bands.  Single  hummocks 
may  be  found  upon  hillsides  and  even  on  hilltops.  They 


FIG.  68.     A  group  of  kame  hills  with  deep  kettles  in  the  moraine  near  Fri-eville, 
New  York.     An  overwasli  plain  is  seen  in  the  foreground. 

are  well  stratified,  sometimes  confused  with  the  layers 
dipping  in  various  directions,  and  exceedingly  variable  in 
texture.  Moreover,  the  layers  are  sometimes  broken,  show- 
ing disturbance  subsequent  to  deposit.  In  different  places 
their  origin  is  apparently  quite  different.  Glacial  water 
has  evidently  made  them;  but  there  are  various  ways  in 
which  this  water  may  construct  hills  of  stratified  drift. 
Deposits  in  caverns  under  the  ice;  hills  made  by  cascades 
which  carried  much  sediment  down  the  ice  front  or  through 
crevasses  into  the  ice;  deposits  in  tiny  lakes  upon  the 
surface  of  the  glacier;  and  the  escape  of  subglacial  streams 
into  marginal  lakes,  are  some  of  the  more  common  ways 
in  which  kamos  may  have  been  made.  By  such  action 
hills  several  scores  of  feet  in  height  have  been  constructed. 

i  Salisbury,  Annual  Kept.  New  Jersey  Geol.  Survey,  1891,  92-95;  same,  1892,84-95. 
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Naturally  the  conditions  favoring  such  deposits  will  exist 
only  near  or  at  the  ice  margin;  but  as  this  front  was  in 
all  parts  of  the  State  at  different  times,  kames  may  be 
found  in  any  part  of  New  York;  and  indeed  they  do  occur 
all  over  the  State,  sometimes  rising  in  what  appear  to  be 
the  most  unnatural  positions.  Where  the  ice  stood  longest 
they  would  be  most  abundant;  and  hence  they  are  most 
common  in  association  with  the  moraines.  Slight  forward 
movements  of  the  ice  and  settling  of  the  material  would 
break  and  disturb  the  layers  as  we  find  them.  Few  specific 
cases  of  kames  have  been  described  in  New  York,1  but 
they  are  known  here  and  have  also  been  described  from 
various  parts  of  the  country.2 

ESKERS  OR  SERPENT  KAMES  (OSARS).— Ridges  of  gravel 
bearing  a  close  resemblance  to  embankments  a-re  frequently 
found  within  the  glaciated  area.  In  these  the  material  is 
usually  coarse.  Sometimes  the  eskers  are  made  of  good- 
sized  and  well-rounded  pebbles,  oftentimes  several  pounds 
in  weight.  In  other  cases,  however,  eskers  are  made  al- 
most entirely  of  sand.  The  stratification,  while  often 
noticeable,  is  usually  somewhat  confused,  and  the  ridge 
may  be  coarse  in  one  place  and  much  finer  in  another. 

In  the  form  of  eskers  there  is  much  variation.  Typi- 
cally they  are  distinct,  narrow- topped  ridges,  extending  in 
a  more  or  less  irregular  or  serpentine  course.  Some  are 
mere  low  banks;  others  have  a  height  of  several  scores 
of  feet.  In  some  cases  the  crest  of  the  ridge  is  level;  but 
more  commonly  it  undulates  somewhat  and  has  a  gradual 
slope  in  one  direction,  normally  sloping  downward  in  the 
direction  of  ice  movement  as  revealed  by  the  striaB  upon 
the  bed  rock.  Variations  from  this  normal  form  are  com- 
mon. At  times  the  ridge  is  interrupted,  and  it  may  end 
abruptly,  or  even  very  gradually,  often  terminating  in  a 

1  See  particularly  Fairchild,  Amer.  Geol.,  XVI,  1895,  39-51;  Journ.  Geol.  IV,  1896, 
129-159;  Brigham,  Bull.  Geol.  Soc.  Amer.,  VIII,  1897,  17-30;  Lincoln,  New  York  State 
Museum  Report,  48,  Part  2,  1894,  72-74. 

2  For  instance,  see  Upham,  Hitchcock's  Geol.  of  New  Hampshire,  Vol.  Ill,   1878, 
12-176;  Lewis,  Second  Geol.  Survey  Pennsylvania  Report  Z,  1884,  35-36;  61-65;  78-81; 
100-111,  etc.;   Chamberlin,  Journ.  of  Geol.,  I,  1893,  255-267. 
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broad,  sandy  area.      Some  eskers  en<l  in  sandplains;1  and 
they  may  even  end  in  a  tiny  valley  cut  in  the  till. 

As  for  location,  eskers  may  be  found  anywhere  within 
the  glacial  belt,  though  they  are  more  common  near  the 
moraines.  They  are  very  abundant  in  eastern  New  Eng- 


FIG.  69.     Side  view  of  an  esker  at  Auburndale,  Massachusetts  (photograph  by 

John  Ritchie,  Jr.). 

land,  and  have  been  well  described  for  the  Boston  region.2 
Among  the  mountains  of  Maine3  and  New  Hampshire4 
they  are  common.  The  term  esker  is  an  Irish  name/'  and 
these  peculiar  ridges  are  common  in  Ireland,  as  elsewhere 
in  the  British  Isles'1  and  northwestern  Europe.  In  Scan- 
dinavia they  are  called  iisar  (anglicized  osars).  Little 

'See  Davis  Bull.  HIM,].  Soc.  Amrr.,  I,  I81MI,  I'.Ci-l'irJ ;  Davis  1'roc.  Boston  Soc. 
Nat.  Hut.,  XXV,  18irj.  477-l'.l!»;  and  (iulliver,  .luiirn.  Qeol.,  I.  18'.!:!,  803-812. 

-'Boiive,  I'n.r.  I'.., st. ,n  Soc.  Nat.  Hist..  XXV,  Ih'.M-irj,  IT.'i-lM.'. 

3 Jackson,  Qeol.  of  Maine,  1st  Kept.,  ls:;7,  c,i;  stone,  Proc.Amer.Asso.Ad7.  Sci., 
XXIX,  issn.  510-19;  Munog.,  XXXIV,  I'.  S.  <;<•,,!.  Survey,  IS'.i'.i. 

4Upliain,  Hitc.hroc-k's  (icol.  of  New  Hampshire,  Vol.  Ill,  1878,  r_'-I7f>.  For  New 
Jersey  eskers,  see  Salisbury,  IS'J'J  ]{eport  New  Jersey  (ieol.  Survey,  7H  83, 

•"•  Youiii,',  U'eport  Mritish  Assoc.,  XXII.  I'art  L'.  18.")H,  (i:!-(i4 ;  Kinalian,  Anier.  Jmirn. 
Sci..  S,.,-.  Ill,  XXXIII.  1887,  •-'7(i-L'7s. 

8  Home,  Report  British  Assoc.,  XXXI.  I'art  L'.  isiii.  n.vo. 
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work  has  been  done  upon  the  eskers  of  New  York,  though 
they  occur  in  association  with  the  moraine.1  Instances  of 
eskers  may  be  seen  near  Freeville,  New  York,  and  along 
the  Lehigh  Valley  Railway  west  of  Geneva.  In  all  prob- 
ability they  are  common,  particularly  in  the  more  hilly 
sections,  such  as  the  Adirondacks. 

As  for  the  details  of  location,  eskers  are  very  com- 
monly found  in  valleys,  but  are  by  no  means  confined  to 
them.  They  have  been  found  upon  hillsides  and  are  known 
to  cross  valleys,  extending  down  one  side  and  up  the 
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FIG.  70.     Crest  of  an  esker  at  Auburndale,  Massachusetts  (photograph  by 

John  Ritchie,  Jr.) 

other.2  Such  conditions  are  exceptional,  and  the  type 
location  may  be  said  to  be  the  valley,  or  else  the  im- 
mediate neighborhood  of  a  moraine.  In  such  positions 
they  may  be  but  a  few  score  of  yards  long  or  may  extend 
for  miles.  Some  of  the  eskers  of  Maine  are  exceedingly 
long  and  well  denned.  When  typically  developed  they 

lUpham,  Proc.    Rochester  Acad.   Sci.,  II,  1893,  181-200;  Fairchild,  Journ.  Geol., 
IV,  1896,  129-159. 

2  Shaler,  Ninth  Annual  Report  U.  S.  Geol.  Survey,  549. 
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have  a  remarkably  artificial  appearance,  sometimes  closely 
resembling  an  abandoned  railway  embankment.  They  have 
in  some  cases  been  explored  in  the  belief  that  they  were 
Indian  mounds. 

The  form  and  characteristics  of  eskers  point  plainly  to 
stream  origin  and  to  the  conclusion  that  they  are  really 
the  beds  of  glacial  streams.  There  has  been  some  ques- 
tion whether  these  glacial  stream  beds  were  formed  under 
the  ice  (subglacial)  or  in  the  ice  (englacial),  or  upon  the 
ice  (superglacial),  and  this  question  is  still  an  open  one.1 
The  facts  seen  in  living  glaciers,2  and  those  discovered 
by  the  study  of  existing  esker  deposits,  point  to  a  sub- 
glacial  river  origin  as  by  far  the  most  probable,3  although 
other  facts  brought  forward  seem  to  show  that  there  are 
some  eskers  which  have  been  formed  by  superglacial  or 
possibly  even  englacial  streams.4 

Near  the  ice  front  streams  were  flowing  in  each  of 
these  positions,  but  by  far  the  greater  amount  of  drainage 
near  the  ice  terminus  must  have  been  subglacial.  In  either 
case  the  running  water  was  supplied  with  much  sediment 
which  was  being  dragged  along  the  stream  bed.  Wherever 
more  was  given  than  the  stream  could  remove,  deposits 
were  necessarily  made  in  the  stream  bed.  Since  the  ice 
contained  many  pebbles  and  boulders,  as  well  as  finer 
clay,  it  would  not  uncommonly  happen  that  the  stream 
could  not  remove  as  much  sediment  as  was  given  to  it. 
Then,  at  the  bottom  of  the  ice  canyon,  an  embankment  of 
gravel  would  be  built,  held  in  by  ice  walls,  and  resting 


'Davis,  Proc.  Boston  Soc.  Nat.  Hist.,  XXV,  1890-92,  477-499;  Chambcrlin, 
Journ.  of  Geol.  I,  1893,  255-267;  Upham,  Bull.  Geol.  Soc.  Amer.,  V,  1894,  71-84; 
Amer.  Geol.,  XIV,  1894,  403-405;  Winchell,  Amer.  Journ.  Sci.  XXI,  1881,  358-00; 
Sollas,  Report  British  Assoc.,  1893,  (i.'i,  777;  Russell,  Amer.  Journ.  Sci.  Ser.  Ill, 
XLIII,  1892,  178-182;  Thirteenth  Annual  Rept.  U.  S.  Geol.  Survey,  Part  II,  81-82; 
Reid,  Sixteenth  Annual  Rept.  1T.  S.  Geol.  Survey,  Part  I,  442. 

2  Russell,   Amer.  Journ.  Sci.  Ser.  Ill,  XLIII,  1892,  178-182;    Tliirtrmtli    Annual 
Report  U.  S.  Geol.  Survey,  Part  II,  81-82;  Reid,  Sixteenth  Annual  Report  t'.  S.  Geol. 
Survey,  Part  I,  442. 

3  Davis,  Proc.  Boston  Soc.  Nut.  Hist.,  XXV,  1890-92.  477-499;  < 'liaml.«-rlin.  .l»urn. 
Geol.  I,  1893,  255-2(17. 

4  Winchell,  Amer.  Journ.  Sci.  XXI,  1HK1,  358-00;  I'pham,  Bull.  Geol.  Soc.  Amer., 
V,  1894,  71-84;  Amer.  Geol.  XIV,  1894,  403-405. 
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either  upon  the  ice  (in  englacial  or  superglacial  valleys) ,  or, 
if  subglacial,  on  the  ground.  When  the  ice  withdrew,  the 
stream  deposits  would  settle,  the  sides  taking  the  slope  of 
gravel  at  rest,1  but  retaining  the  average  slope  of  the 
stream  bed  (if  this  were  on  the  ground)  and  its  meander- 
ing direction.  Therefore  the  esker  represents  a  fossil 
glacial  stream  bed,  whether  subglacial  or  superglacial  or 
englacial. 

The  confused  stratification  is  due  to  the  irregularity  of 
deposit,  later  settling,  and  possibly  to  disturbances  caused 
by  ice  movement.  The  frequent  interruption  of  form  may 
be  due  to  ice  movement  or  to  failure  to  deposit  in  particular 
places;  and  the  broadening  out  occasionally  noticed,  from 
the  ridge  slope  to  the  low  sandy  areas,  may  represent  the 
terminus  of  the  esker  stream,  either  at  the  glacier  margin, 
or  in  some  broad  part  of  its  ice -walled  valley.  The  loca- 
tion of  eskers  upon  hillsides  may  be  easily  accounted  for. 
If  formed  on  or  in  the  ice,  the  exact  location  is  essentially 
accidental;  and  when  the  ice  disappears  the  eskers  may  as 
well  settle  upon  the  hillsides  as  in  the  valleys.  If,  on  the 
other  hand,  as  seems  much  more  commonly,  if  not  almost 
universally,  to  be  the  case,  the  esker  stream  was  sub- 
glacial,  the  water  that  was  building  the  esker  was  flowing 
in  an  ice  channel  under  considerable  pressure,  so  that  it 
might  even  flow  up  hill,  if  the  hill  were  not  higher  than 
the  pressure  head,  for  the  same  reason  that  water  rises 
through  pipes  to  the  second  story  of  our  houses.  But 
while  water  could  be  forced  over  hills  in  subglacial 
tunnels,  the  location  of  these  tunnels  would  most  commonly 
be  in  the  valleys. 

THE  TILL  SHEET.  —  The  material  that  was  on,  in,  or 
under  the  ice  (superglacial,  englacial  and  subglacial  till) 
at  the  time  it  melted  away  from  any  given  place,  was  left 
upon  the  surface  of  the  country  as  a  till  sheet,  that  part 
removed  by  water  being  of  course  excepted.  This  till 
sheet,  which  covers  the  greater  part  of  New  York,  and 


'Woodwortli,  Proc.  Boston  Soc.  Nat.  Hist.,  XXVI,   1895,  197-220. 
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particularly  the  hillsides  and  hilltops,  varies  greatly  in 
character  from  place  to  place.  Typically  and  prevailingly 
it  is  a  boulder  clay  (.'>.">  and  (II),  which,  as  the  name  sug- 
gests, is  essentially  a  boulder-bearing  clay.  The  percentage 
of  boulders  varies  from  nearly  boulder-  free  to  a  class  of 
till  in  which  more  than  one  -half  the  mass  is  made  of 
boulders  (Figs.  71  and  72).  The  clay  is  a  rock  flour  made 
by  the  grinding  of  the  rocks  as  they  are  dragged  along  by 
the  ice;  and  this  abrasion  is  further  indicated  by  the  fact 
that  many  of  the  boulders  and  pebbles  are  grooved  and 
polished. 

The  color  of  the  till  sheet  varies  greatly,  depending  in 
large  measure  upon  the  color  of  the  rocks  over  which  the 
ice  passed  just  before  it  was  deposited.  This  indicates  a 
rather  local  origin  for  much  of  the  till;  and  such  an 
origin  is  still  further  suggested  by  the  fact  that  among 


Fio.  71.     Section  in  very  bouldery  morainic  till,  Cape  Ann,  Maasachusetts 
I  photograph   liy  -I.  \j.  Oartlnor,  2<1). 

the  boulders  are  found  many  of  local  origin.  Still,  in  a 
region  where  the  rocks  are  soft,  as  they  are  in  the  sliale 
country  of  cent  nil  Xe\v  York,  the  local  rock  fragments  are 
worn  so  rapidly  that  large  pebbles  of  them  may  lie  less 
numerous  than  Canadian  boulders  and  pebbles,  which, 
though  brought  from  afar,  being  harder,  have  been  better 
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able  to  survive  a  long  journey  than  the  shale  fragments 
were  the  much  shorter  one.  The  farmers  have  practically 
asserted  this  fact  when  they  have  called  these  foreign 
boulders,  resting  in  the  midst  of  soft  shale  strata,  by  the 
very  descriptive  name  of  "hardheads."  In  the  region  from 


FIG.  72.     Boulder-strewn  surface  of  morainic  till,  Cape  Ann,  Massachusetts 
(photograph  by  J.  L.  Gardner,  2d). 

which  the  hardheads  have  come,  boulders  may  be  so  com- 
mon that,  as  in  parts  of  New  England,  the  soil  is  almost 
incapable  of  cultivation  (Figs.  71  and  72). 

While  the  color  of  the  drift  is  variable,  its  usual  color, 
when  fresh  and  unoxidized,  is  blue,  grading  to  a  yellow 
near  the  surface,  where  it  is  stained  with  the  limonitic 
iron  stain  that  has  been  formed  by  the  oxidation  of  iron- 
bearing  minerals.  The  blue  color  is  due  to  the  finely  com- 
minuted and  undecayed  rock  particles,  and  may  be  present 
even  when  the  till  has  been  derived  from  light- colored 
gneissic  and  granitic  rocks 

Although  typically  a  clay,  the  till  is  sometimes  sandy, 
though  not  commonly.  When  very  clayey  it  is  often  so 
compact  that  it  is  difficult  to  dig  through  it  with  a  spade. 
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Such  compact  clay  has  been  given  the  name  of  "hard  pan," 
and  it  owes  its  compactness  not  merely  to  the  fineness  of 
the  clay,  but  also,  at  times,  to  the  fact  that  it  has  been 
pressed  into  a  compact  condition  by  the  weight  of  the  ice 
which  once  rested  upon  it. 

The  mode  of  origin  of  the  till  sheet  was,  first,  the 
removal  of  loose  fragments  from  the  surface,  then,  with 
the  aid  of  these,  the  grinding  off  of  others,  accompanied 
by  the  grinding  of  the  various  particles  into  finer  bits. 
In  position,  while  some  of  the  fragments  may  have  been 
upon  the  ice  top,  and  some  within  the  ice,  the  greater 
part  was  dragged  along  either  just  beneath  the  glacier 
or  frozen  in  its  lower  layers.  In  Greenland  the  latter  is 
the  common  mode  of  transportation  of  the  debris  load. 
That  glacier  has  a  smaller  burden  of  rock  fragments  than 
the  American  glacier  had,  and  the  till  sheet  which  it  is 
depositing  is,  therefore,  much  less  developed.  There  is 
good  reason  for  believing  that  some  of  the  American  till 
was  dragged  along  beneath  the  ice,  so  that  in  this  case, 
as  in  some  other  respects,  the  Greenland  glacier  of  to-day 
is  not  a  fair  guide  for  conditions  prevailing  in  America 
during  the  Glacial  Period. 

With  the  retreat  of  the  glacier,  the  rock  load,  wher- 
ever carried,  was  left  upon  the  surface  of  the  land.  In 
examining  the  surface  of  a  large  area,  like  that  of  New 
York,  we  find  that  the  till  sheet  varies  greatly  in  depth. 
There  are  places  where  there  is  almost  none  except  in  the 
little  depressions,  and  this  is  particularly  the  case  among 
the  high  gneissic  peaks  of  New  England  and  the  Adiron- 
dacks.  This  means  either  that  none  was  deposited  or  else 
that  it  has  been  removed;  and  sometimes  one  explanation 
is  correct,  sometimes  the  other,  as  in  Greenland,  where 
the  original  till  deposit  was  slight  and  the  land  slopes 
tire  so  great  that  much  of  that  deposited  has  been  carried 
off.  Frequently  the  till  sheet  is  but  a  few  inches  or  feet  in 
depth,  and  then  the  rock  is  reached  in  ordinary  trenches. 
This  condition  is  most  common  upon  hilltops  or  upon  those 
hillsides  where  we  may  believe  the  ice  movement  to  have 
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been  relatively  rapid.  In  such  places  little  was  left,  be- 
cause little  was  held  under  the  ice,  the  movement  being 
rapid  enough  to  prevent  such  accumulations,  somewhat 
as  a  river  with  rapid  flow,  during  time  of  flood,  can  clear 
its  bed  of  the  gravel  bars  that  were  accumulated  at  some 
time  of  less  rapid  movement. 

The  thickness  of  the  till  sheet  varies  progressively  also 
over  wide  areas.  As  a  general  statement,  subject  to  many 
local  modifications,  the  till  sheet  of  New  England  and 
eastern  New  York  is  thinner  than  that  of  western  New 
York,  and  this  is  thinner  than  that  of  the  Central  States, 
where  it  is  sometimes  two  or  three  hundred  feet  deep.1 
This  general  change  in  thickness  is  parallel  with  a  change 
in  topography  from  mountain  to  hill  and  then  to  plain. 
In  the  Central  States  the  ice  slope  was  slight  and  the  ice  cur- 
rent probably  less  rapid  than  in  the  more  irregular  regions 
of  the  east.  The  variation  is  also  parallel  with  a  change 
in  rock  texture.  In  the  east  the  strata  are  prevailingly 
hard;  in  the  west  relatively  soft,  although  of  course  to 
this  there  are  certain  local  exceptions.  From  a  region  of 
soft  rock  more  drift  is  supplied  than  from  one  of  hard,  and 
this  is  one  of  the  reasons  why  the  Greenland  glacier  has 
so  little*  drift.  It  follows  from  this  that  in  the  Central 
States  the  ice  wrested  more  drift  from  the  bed  rock  and  was 
less  able  to  remove  even  a  small  supply  than  was  the  ice 
in  the  East.  Hence  beneath  the  glacier  much  till  was 
accumulated  in  the  western  section,  while  in  the  east  the 
opposite  in  general  holds  true. 

As  has  been  said,  this  general  statement  needs  modifi- 
cation locally.  Among  the  Adirondacks,  and  in  New 
England,  the  ice  currents  were  often  retarded  by  some 
rocky  hill,  around  which  the  ice  must  flow.  Upon  the 
southern  or  lee  side  of  such  a  hill  the  conditions  favored 
deposits  beneath  the  ice;  and  consequently,  while  the 
northern  side  of  such  hills  is  nearly  bare  of  drift,  the 
southern  side  often  has  a  deep  till  soil.  In  such  cases 


Calvin,    Amer.    Geol.,    I,    1888,    28-31;    Leverett,    Amer.    Geol.,    IV,    1889,   6-21; 
Claypole,  Bull.  Geol.  Soc.  Amer.,  Ill,  1892,  150-151. 
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tbo  rocky  hill  has  very  often  been  prolonged  southward  as 
a  drift  hill  formed  by  the  deposit  of  a  tail  of  drift  upon 
which,  very  likely,  a  farm  is  situated,  while  all  around  is 


FIG.  73.     Section  to  show  deep  drift-filling  in  narrow  east-west  valleys 

near  Ithaca,  New  York. 

untillable  and  hence  wooded  land.  This  drift  material, 
combed  down  from  the  hilltops  and  sides,  and  accumulated 
in  the  slack  ice  current  on  the  lee  side  of  the  hills,  forms 
a  distinct  element  in  the  landscape  of  many  of  the  hilly 
sections. 

Still  another  case  may  be  introduced.  Rather  narrowr 
east-west  valleys  extended  across  the  course  of  the  south- 
moving  glacier,  as  was  very  commonly  the  case  in  central 
and  western  New  York.  Down  into  these  the  ice  currents 
could  not  move  as  readily  as  along  the  hilltops,  and 
hence  here,  too,  material  from  the  hilltops  was  combed  off 
and  dragged  beneath  the  ice  into  the  valleys.  The  result 
lias  been  that 
in  such  valleys 
the  till  is  deep, 
gradually  b  e  - 
coming  thin- 
ner upon  the 
hillsides.  The 
diagram  (Fig. 
73)  is  based 

upon  these  conditions  as  exhibited  in  scores  of  places  near 
Ithaca,  N.  Y.  In  these  cases  the  valleys  have  been  made 
more  shallow  and  their  bottoms  broader  than  before  the 
ice  came,  and  by  these  causes  the  topography  of  the  New 
York-Pennsylvania  plateau  has  been  greatly  modified. 


FIG.  74. 


Section  to  show  buried  valley  of  Taughannock 
creek,  near  Cayuga  lake,  New  York. 
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Not  only  have  valleys  been  shallowed,  but  in  some 
cases  they  have  been  entirely  obliterated.  Near  Ithaca 
there  are  numerous  buried  valleys,  the  position  of  some  of 
which  is  not  now  indicated  in  the  landscape,  while  that 
of  others  is  shown  by  a  gentle  sag  in  the  hillside.  The 
diagram  (Fig.  74)  is  based  upon  these  conditions  as  illus- 
trated just  north  of  Taughannock  gorge  on  the  west  side 
of  Lake  Cayuga,  a  few  miles  north  of  Ithaca.  Where  the 
general  drift  sheet  is  thick,  and  the  original  topography 
less  irregular,  as  in  the  Central  West  (and  apparently  also 
in  the  Ontario  plain  region,  p.  98),  the  preglacial  drain- 
age lines  are  almost  entirely  obliterated.  By  boring  for 
oil  in  the  Central  States  some  of  the  buried  valleys  have 
been  discovered,  where,  without  the  facts  thus  obtained, 
the  extent  of  the  preglacial  land  irregularities  would  not 
have  been  known. l 

There  are  several  other  cases  of  irregularity  in  the  depth 
of  the  till  sheet,  the  exact  reasons  for  which  are  not 
apparent.  Sometimes  the  till  is  locally  thicker  than  else- 
where without  any  evident  relationship  to  the  topography. 
Its  surface  rises  and  falls  in  gentle  swells,  or  rises  into 
hummocks  or  ridges.  This  irregularity  has  led  Professor 
Chamberlin2  to  suggest  certain  names,  such  as  mammillary 
hills,  till  tumuli,  etc.,  to  designate  the  several  types. 
Nothing  more  can  now  be  said  about  the  cause  for  these 
than  that  they  must  be  due  to  some  such  cause  as  variations 
in  supply,  or  to  ice  currents,  or  to  the  influence  of  minor 
buried  topographic  features.  They  fall  among  the  category 
of  the  altogether  too  numerous  instances  of  unexplained 
glacial  phenomena.  We  need  specific  studies  of  these  forms 
and  the  collection  of  facts  concerning  them. 

DRUMLINS. — Among  the  irregularities  of  the  till  none 
form  such  a  striking  element  of  the  topography  as  those 


1  Newberry,   Geol.   Survey  Ohio,   18G9,  24-33;   Andrews,  same,  60-64;   Newberry, 
Geol.  Survey  Ohio,  Vol.  I,    1873,  85-88  ;     174-184  ;    Orton,  same,  425-434  ;    438-449  ; 
455-462;  Gilbert,  537-556,  and  other  parts  of  Report. 

2  Chamberlin,    Third   Annual    Kept.  U.  S.  Geol.    Survey,    1883,   296-309;  Corapte 
Rendu,    Congres    Ge"ol.    Inter.    Washington,    1891,    176-192;    Journ.    Geol.    II,    1894, 
517-538. 
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till  hills  which  are  classed  as  clruinlins.  These  were  first 
fully  described  in  Ireland,  whence  their  name.1  In  the 
United  States  they  occur  in  eastern  Massachusetts2  and 
southern  Connecticut,  as  well  as  in  other  parts  of  New 
England.3  They  occur  also  in  "Wisconsin.4  Generally  they 


FKI.  76.     A  typical  New  England  drumlin  near  Ipswich,  Massachusetts 
(photograph  by  J.  L.  Gardner,  2d). 

are  found  in  clusters,  though  many  isolated  drumlins  are 
known.  These  peculiar  hills  are  said  to  occur  in  the 
Adirondacks  and  in  eastern  New  York,5  though  I  find  no 
description  of  these  localities;  but  one  of  the  most  notable 
accumulations  of  drumlins  in  the  world  exists  in  the  region 
between  Syracuse  and  Rochester  along  the  line  of  the 
New  York  Central  Railway.  As  in  the  case  of  most  of 


1  Kinahan  and  Close.     General  Glaciation  of  lar-Connaught,  Dublin,  1872. 

2Shaler,  Proc.  Boston  Soc.  Nat.  Hist.,  XIII,  1869-1871,  196-204;  Upbam,  Proc. 
Boston  Soc.  Nat.  Hist.,  XX,  1878-80,  220-234;  Marbut  and  Woodworth,  17th  Annual 
Kept.  U.  S.  Geol.  Survey,  Part  I,  995;  Davis,  Science,  IV,  1884,  418-20;  Amer. 
Journ.  Sci.  Ser.  Ill,  XXVIII,  1884,  407-16. 

3  Hitchcock,  Proc.  Boston  Soc.  Nat.  Hist.,  XIX,  1876-78,  63-67;  Upbam,  Hitch- 
cock's Geol.  of  New  Hamp.,  Vol.  Ill,  1878,  287-309;  Hitchcock,  same,  309;  Upham, 
Proc.  Amer.  Assoc.  Adv.  Sci.,  XXVIII,  1879,  309. 

"Ohamberlin,  Journ.  Geol.  I,  1893,  255-267;  Upham,  Amer.  Geol.  XIV,  1894, 
69-83. 

5 Upham,  Bull.  Geol.  Soc.  Amer.,  Ill,  1892,  142. 
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the  other  glacial  features  of  New  York,  we  have  no 
adequate  description  of  these  interesting  hills. l 

The  New  England  drumlin  is  typically  a  beautiful  and 
symmetrical  hill  (Fig.  76),  elongated  in  form,  having  a 
shape  resembling  that  of  an  egg  when  half  submerged  in 
water,  with  the  long  axis  parallel  to  the  water  surface. 
The  length  may  be  a  half  to  three-quarters  of  a  mile,  the 
width  a  fifth  to  half  a  mile  at  the  base,  and  the  height 
perhaps  one  to  two  hundred  feet.  There  are  longer  and 
shorter,  broader  and  narrower,  and  higher  and  lower  forms 
than  this  type.  The  curves  are  wonderfully  regular,  but 
commonly  the  northern  end  is  steeper  than  the  southern. 
This  type  is  well  illustrated  by  scores  of  hills  in  Boston 
harbor  and  near  Boston,  especially  north  of  that  city  as 
far  as  the  Ipswich  coast.  The  long  axes  of  the  New  Eng- 
land drumlins  are  parallel  to  the  direction  of  last  ice  move- 
ment, and  the  material  of  which  they  are  composed  is 
mainly  till,  though  very  often  they  contain  stratified  drift.2 
The  Wisconsin  drumlin  is  often  much  shorter  and  less 
symmetrical,3  the  Irish  type  much  longer.4 

The  drumlins  of  central  New  York  approach  the  Irish 
type  much  more  closely  than  those  of  New  England. 
Their  form  varies  from  the  southern  margin  of  the  belt  to 
the  northern.  In  the  central  part  of  the  belt,  they  are 
often  very  much  like  the  Boston  type,  though  considerably 
less  symmetrical  and  with  steep  northern  faces.  Near  the 
southern  margin  of  the  drumlin  belt,  on  the  other  hand, 
they  are  exceedingly  long  and  low  ridges,  the  length  being 
sometimes  more  than  two  miles  and  the  height  very  often 
less  than  one  hundred  feet  at  the  highest  point,  which  is 

1  Hall,  (k-ol.  of  New  York  4th  Dist.  184."!,  341;  Johnson,  Ann.  New  York  Acad. 
Sci.  II,  1882,  2t!l-i;<;;  Abstract  in  Trans.  X,-w  York  Acad.  Sci.  I,  1882,  77 -Mi; 
Davis,  Science,  I V .  1  *h  1 ,  41!i;  Lincoln,  Anicr.  Joiirn.  Sci.  XLIV.  18!)2,  L':i(l-:!(H  ;  .\c\\- 
York  Slat..  .Museum  Keport,  XLYIII,  1'art  2,  IMit,  (ill-71. 

2Uphiirn,  1'roc.  Host, ,n  Soc.  \;it.  Hist.,  XX.  1878-80;  220-234;  XXIV,  1888-89, 
127-141  ;  XXIV,  1888-8!),  228-212:  rpham,  Amer.  Journ.  Sci.  Ser.  Ill,  XXXVII.  188!), 
:f.~i!l-:i7_>;  Croshy  and  Pollard,  Amer.  Jourii.  Sci.  SIT.  Ill,  XLVIII.  1S!U.  1st,  I'.ir,; 
Martmt  and  Wood  wort  li .  Seventeenth  Annual  Kept.  I".  S.  <Jeo|.  Survey.  1',-xrt  I, 
W~>:  rphain,  AniiT.  (ieol.  XX.  1.VI7.  3s3-.'!s7. 

rii.-iinKiTlin.    (ii-ol.    Survey,    \Vi-consin.    I,    1873-7!).   28.':. 

•'Kinahan   and   Close.   (Jeneral   ( ilaciatimi   of   lar-( 'onnaiitrlil ,    Dublin,    1872. 
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close  to  the  northern  end.  Some  ridges,  perhaps  three- 
quarters  of  a  mile  long,  are  not  more  than  forty  feet  high 
at  the  highest  point.  In  fact,  these  low  druinlins  simulate 
the  esker  in  form.  Even  many  of  the  higher  drumlins  of 
this  section  change  to  low  and  long  ridges  in  the  southern 
part,  and  their  exact  southern  terminus  is  often  incapable 
of  location,  for  it  flattens  out  into  the  undulating  till  sheet 


Flu.  77.     Low  drumlin  ridge  iiear  southern  margin  of  New  York  drumlin  area, 
just  east  of  Cayuga  (photograph  by  W.  B.  Greenlee). 

very  gradually.  Sometimes  this  terminus  is  in  the  irregular 
morainic  topography.  In  all  cases  the  northern  end  is 
well  defined  and  relatively  steep. 

"While  some  of  the  drumlins  are  long  and  low,  with  an 
even-topped  crest  line,  sloping  gradully  southward,  others 
have  an  undulating  crest,  giving  a  very  ragged  sky  line. 
Whether  this  undulating  crest  is  a  part  of  the  original 
form  of  the  drumlin,  or  whether  it  has  been  caused  by 
later  denudation  has  not  been  determined,  though  there  are 
some  reasons  for  supposing  that  the  latter  is  true. 

Between  the  long  and  low  type  at  the  southern  mar- 
gin of  the  belt,  and  the  shorter  type  of  the  central  part 
there  is  a  gradational  form  to  which  a  student  of  Cornell 
University  applied  the  descriptive  name  of  "  tadpole " 
drumlin.  The  northern  end  of  such  a  drumlin  resembles 
the  central  type  quite  closely,  while  the  southern  end  is  a 
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low  ridge,  and  the  two  different  parts  are  connected  by  ;i 
rather  noticeable  slope,  somewhat  like  the  southern  end 
of  a  New  England  drumlin.  Hence  the  drumlinoid  form, 
somewhat  closely  resembling  the  typical  New  England 
drumlin,  quickly  changes  to  a  low  and  long  ridge,  causing 
a  rather  remarkably  close  resemblance  to  a  tadpole  body 
with  the  appended  tail.  Some  of  the  New  York  drumlins 
are  quite  like  the  New  England  type  in  form,  and  all  so 
far  studied  are  made  of  unstratified  till.1  The  question 
of  the  nature  and  origin  of  these  drumlins  is  now  under 
investigation,  and  it  is  probable  that  the  intermediate 
"tadpole"  forms  will  throw  light  upon  the  question  of 
drumlin  origin. 

As  in  the  case  of  all  drumlins,  the  long  axis  of  those 
in  New  York  is  parallel  to  the  direction  of  ice  movement, 
which,  in  this  section,  was  approximately  southward.  The 
material  composing  them  seems  in  most  cases  to  be  till 
of  the  normal  kind,  perhaps  somewhat  more  pebbly  than 


l-'i".  78.     The  northern  ends  of  three  of  the  New  York  drumlins  near  Montezumu 

(photograph  hy  W.  B.  Greenlee). 

commonly;  but  upon  this  point  definite  statements  cannot 
be  made  until  further  studies  have  been  carried  on.  Nor 
can  we  say  how  many  drnmlins  there  are,  though  it  is 
certain  that  there  are  many  hundreds  in  this  area;  in  fact, 
one  may  stand  upon  the  crest  of  one  and  count  scores 
which  stand  in  plain  vie\v  with  their  ends  overlapping. 


'Studies   carried   on   since  this   \v;is   written,   hut  not    yet    puhlished.    -.h,,\v 
fied   material   in   many   nf  the  driiinlins. 
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The  topography  of  the  drumlin  region  is  quite  unique  in 
New  York  State,  and  has  probably  given  rise  to  more 
inquiries  from  residents  than  has  any  other  section  of  the 
State  of  equal  population.  Every  year  several  students  ask 
me  for  the  interpretation  of  this  region,  a  fact  true  of  no 
other  part  of  the  State. 

The  origin  of  drumlins  is  still  an  open  question,  or  at 
least  should  be,  though  there  is  a  tendency  on  the  part  of 
some  to  consider  it  settled.  Numerous  theories  for  their 
origin  have  been  suggested,1  two  of  which  still  seem  prob- 


FIG.  79.     Northern  end  of  a  high  drumlin  at  Montezuma,  New  York  (photograph  by 

W.  B.  Greenlee). 

able,  while  against  the  others  numerous  fatal  arguments 
have  been  brought.  One  of  these  two  theories  is  that 
drumlins  have  been  caused  by  erosion,  resulting  from 
slightly  different  ice  currents;  the  other,  and  more  gener- 
ally accepted  theory,  is  that  they  have  been  built  by  irreg- 
ular deposits  from  the  ice,  somewhat  as  sandbars  are  built 
in  rivers.  The  latter  has  more  supporters  than  the  former; 
but  the  question  can  hardly  be  considered  closed,  since  no 

1  See  preceding  references,  and  also  Wright,  Ice  Age  in  North  America,  251-267; 
Geikie,  Great  Ice  Age,  3d  Ed.,  743-745;  Russell,  Glaciers  of  North  America,  24-28; 
Geikie,  Geol.  Soc.,  Glasgow,  Vol.  Ill,  1867,  54;  Wright,  Proc.  Boston  Soc.  Nat.  Hist. 
XIX,  1876-78,  58;  Salisbury,  Ann.  Kept.  New  Jersey  Geol.  Survey,  1891,  71-75; 
Upham,  Amer.  Geol.,  X,  1892,  339-362;  Upham,  Amer.  Geol.,  XV,  1895,  194;  Russell, 
Journ.  of  Geol.,  Ill,  1895,  831;  Upham,  Bull.  Geol.  Soc.  Amer.  VII,  1896,  17-30;  Tarr, 
Amer.  Geol.,  XIII,  1894,  393-407.  In  the  latter,  I  have  attempted  to  consider  tho 
two  theories  fairly,  and  have  advocated  the  reopening  of  the  question  of  origin. 
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facts  of  importance  have  been  brought  forward  to  disprove 
the  former.  So  far  the  theories  have  been  stated  as  con- 
ceptions of  the  process  which  probably  formed  the  hills. 
Careful  studies  of  drumlin  areas  are  now  needed  to  test 
these  theories,  especially  since  there  are  facts  difficult  to 
explain  upon  the  basis  of  the  theory  of  construction  which 
has  so  many  adherents. 

GLACIAL  EROSION.  —  That  the  ice  eroded  is  proved  by 
the  fact  that  it  was  able  to  deposit;  for  it  must  have 
obtained  what  it  deposited,  together  with  that  which  went 
off  in  the  water  furnished  by  ice  melting.  It  is  further 
proved  by  the  scratched  stones  and  the  glacial  scratches 
upon  the  ledges;  but  liow  much  it  eroded  is  more  difficult 
to  prove.  The  old  notion  was  that  ice  performed  won- 


Fio.  80.     Ridge-like  drumlin,  near  Moutezuma,  New  York,  showing  northern  end 
on  left  (photograph  by  J.  ().  Martin). 

derful  tasks  of  erosion  and  greatly  modified  the  topography. 
From  this  extreme  view  there  has  been  a  reaction,  and 
opinion  has  perhaps  become  nearly  as  extreme  in  the  other 
direction,  for  there  are  those  who  deny  to  ice  the  power 
to  do  much  work  of  erosion.  That  it  did  not  erode  enough 
to  materially  modify  the  surfaee  in  a  f/mit  wjiy,  seems 
evident  from  an  examination  of  tho  topography  on  the  two 
-ides  of  the  extreme  terminal  moraine.  Careful  observa- 
tion is  necessarv  to  detect  the  differences,  which  would  not  l>e 

v 

the  case  had  the  ice  scoured  greatly  in  the  glaciated  district. 
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One  thing  every  one  will  admit  is,  that  in  most  places 
the  ice  removed  the  loose  debris  that  had  accumulated  in 
preglacial  times;  still  there  are  places  in  New  England, 
and  probably  also  in  New  York,  where  even  this  was  not 
done.  This  also  argues  against  extreme  glacial  erosion; 
but  these  facts  may  be  admitted  without  necessitating  the 
view  that  erosion  was  everywhere  slight.1 

All  facts,  as  I  see  them,  indicate  marked  difference  in 
power  of  erosion  in  different  places.  The  hilltops  were 
scoured  more  than  the  east -west  valleys,  and  in  all  prob- 
ability the  hilltops  of  central  and  western  New  York  were 
perceptibly  lowered  by  ice -scouring.  The  proof  of  this 
would  be  difficult,  for  we  know  absolutely  nothing  of  the 
detailed  conditions  before  the  ice  came. 

East-west  valleys  of  narrow  width,  being  transverse  to 
the  ice  direction,  were  probably  eroded  very  little,  if  any; 
but  broad  north  and  south  valleys,  like  those  of  the  Finger 
Lakes  (p.  179),  furnishing  free  passage  to  the  ice,  were 
perceptibly  lowered  and  broadened.  In  such  places  I  be- 
lieve that  we  find  the  maximum  ice  erosion.  It  is.  in 
broad  valleys  extending  in  the  direction  followed  by  the 
ice  that  we  find  the  most  rapid  ice  movement,  and  hence 
erosion,  at  the  margin  of  the  existing  Greenland  glaciers. 
This  is  true  not  merely  because  of  their  breadth,  but  be- 
cause the  ice  is  deep  in  these  valleys,  and  has  a  free 
and  hence  more  rapid  movement.  Such  facts  would  seem 
to  be  sufficient  proof  of  this  view. 

There  was  also  more  rapid  erosion  upon  the  north  or 
stoss  side  of  hills  than  upon  the  south  or  lee  side,  against 
which  the  ice  currents  had  little  chance  to  scour.  That 
this  is  so  is  amply  proved  by  the  topography  of  New  York 
and  other  regions,  where  the  northern  slope  of  hills  is 
prevailingly  more  regular  and  rounded  than  the  southern 
sides.  The  difference  may  be  so  great  as  that  between  an 
inaccessible  precipice  on  the  southern  and  a  gentle  slope 
an  the  northern  side  of  hills.  This  is  beautifully  shown 


1  See   Lincoln,    Proc.   Amer.    Assoe.    Adv.    Sci.    XLII,  1893,  177-8;    same,  Amer. 
Journ.  Sci.  Ser.  Ill,  XLIV,  1892,  290-301;   same,  XLVII,  1894,  105-113. 
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in  the  Adirondacks,  as  it  is  also  in  New  Hampshire  and 
Maine,  as  well  as  in  Greenland  (Fig.  81),  where  the  ice 
has  just  left  the  land. 

Therefore,  it  seems  that  by  erosion  the  hilltops  have 
been  slightly  lowered  and  rounded,  hill -slopes  modified 
and  rounded  upon  the  northern  or  stoss  end,  and  broad 
valleys  parallel  to  the  direction  of  ice  movement  both 
broadened  and  deepened.  If  it  were  necessary  ample  proof 
of  this  position  could  be  brought  forward.  This  is  a  state- 
ment of  a  belief  in  moderate  but  irregular  erosion,  by  which 
the  topography  of  the  State  has  been  perceptibly  modified  in 
details ;  but  to  just  what  extent  this  modification  has  oper- 
ated, how  much  the  hills  have  been  lowered  and  rounded 
and  the  valleys  deepened,  may  never  be  determined. 

EFFECTS  UPON  DRAINAGE. —  Of  all  the  effects  of  the  gla- 
cier, that  upon  drainage  is  most  notable.  Lakes  have 
been  formed  and  allowed  to  disappear.  Others  now  exist- 
ing have  been  caused  by  one  or  another  of  the  effects  of 
the  glacier.  Streams  have  been  turned  temporarily  across 
divides  and  others  given  permanently  to  different  basins, 
while  many  have  been  turned  either  partly  or  wholly  out 
of  their  old  valleys.  The  present  drainage  of  New  York 
is  the  complex  result  of  preglacial  topography  and  glacial 
modification ;  but  the  consideration  of  this  important  effect 
of  the  ice  is  left  for  later  chapters. 


CHAPTER  V 

THE   BITERS    OF  XEW   YORK1 

PREGLACIAL  DRAINAGE.— In  the  present  state  of  our 
knowledge  it  is  quite  impossible  to  tell  much  about  the 
preglacial  condition  of  New  York  drainage.  As  was  stated 
on  page  105,  there  is  reason  for  believing  that  in  immediate 
preglacial  times  there  were  few,  if  any,  lakes  within  the 
boundaries  of  the  State.  Another  fact  of  the  preglacial 
drainage  is  that,  before  the  ice  came,  there  were  streams 
where  the  present  large  valleys  now  stand.  In  other  words, 
the  larger  features  of  hill  and  valley  are  preglacial  in 
origin. 

At  present  it  is  difficult  to  go  much  further  back  in 
time  than  this.  The  history  of  the  development  of  the 
preglacial  drainage  lines  has  evidently  been  long  and  com- 
plex. Born  near  the  close  of  the  Paleozoic,  during  the 
Appalachian  uplift,  there  have  been  abundant  changes  in 
the  river  valleys.  From  the  history  of  this  uplift  one 
may  well  believe  that  the  main  original  drainage  of  the 
State  was  northward  and  westward.  As  a  result  of  the 
Appalachian  uplift,  and  of  the  extension  of  this  northward 
into  Canada,  combined  with  the  mountain  uplifts  of  earlier 
times  in  New  England  and  the  Adirondacks,  there  existed 
ranges  of  highlands  in  the  east,  extending  from  Canada  to 
the  Southern  States,  which  must  early  have  prohibited 
extensive  drainage  eastward  from  any  part  of  New  York. 
Westward  and  northward  from  this  line  of  uplift  there 
stretched  extensive  plains,  over  which  streams  from  the 
rising  mountains  must  have  extended  themselves  as  the 
plain  increased. 

From  a  drainage    map  of   the  eastern  United    States  it 

1  For  a  general  account  of  the  drainage  <>f  New  York,  see  Henry.  Trans.  Alk-my 
Inst.,  I,  1830,  87-112;  Ballon,  Anier.  Nat.,  XIV,  1880,  1:59-140. 
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is  easily  seen  that  this  supposed  original  drainage,  conse- 
quent upon  the  initial  topography,  is  far  different  from 
that  of  the  present.  Through  the  Mohawk  and  Hudson 
rivers  a  considerable  part  of  New  York  now  drains  east- 
ward and  southward  into  the  Atlantic;  and  through  the 
Delaware  and  Susquehanna  a  large  area  also  drains  east- 
ward across  the  folded  rocks  of  the  uplifted  Appalach- 
ians; but  the  remainder  of  the  drainage  extends  either 
westward  or  northward,  as  most  of  it  probably  did  extend 
at  first. 

If  this  view  of  the  early  drainage  of  the  State  is  correct, 
it  becomes  of  marked  interest  to  discover  how  it  happened 
that  streams  passing  westward  and  northward  have  been 
so  changed  that  the  drainage  now  finds  its  way  across 
folded  mountains  in  an  easterly  direction.  Unfortunately, 
the  full  answer  to  this  is  not  ready. 

It  is,  however,  a  fact  that  for  a  long  time  during  the 
Mesozoic  and  the  early  Cenozoic,  the  northeastern  part  of 
the  United  States  was  subjected  to  long -continued  denuda- 
tion, at  the  end  of  which  the  surface,  even  in  the  most 
mountainous  sections,  was  certainly  reduced  to  the  condi- 
tion of  a  low,  hilly  country.  Some  believe  that  it  was 
still  further  reduced  to  the  condition  of  a  low,  almost 
featureless  plain,  a  peneplain  (p.  100).  During  this  long 
denudation  there  was  ample  time  for  streams  to  slowly 
change  their  courses  and  adjust  themselves  to  conditions 
of  rock  structure  and  position.  For  instance,  the  west- 
and  north -flowing  streams  then  had  a  long  course  over  a 
moderate  grade,  reaching  the  ocean  only  after  passing 
either  to  that  sea  which  was  the  ancestor  of  the  present 
Gulf  of  Mexico,  or  to  the  Arctic,  or  to  the  North  Atlantic 
near  the  Gulf  of  St.  Lawrence.  On  the  other  hand,  the 
streams  that  flowed  eastward,  on  the  eastern  slope  of 
the  mountains,  had  a  short,  steep  slope,  partly  due  to 
the  mountain  uplift,  which  was  still  further  increased  in  the 
early  Mesozoic,  at  the  time  of  that  subsidence  of  the  land 
which  permitted  the  Triassic  ocean  to  encroach  upon  east- 
ern New  Jersey  and  the  neighboring  corner  of  New  York. 
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This  lowered  the  land  to  the  east,  and  must  have  given  to 
the  east-flowing  Appalachian  streams  an  additional  slope.1 

East -flowing  streams,  therefore,  had  in  general  a  more 
favorable  position  for  rapid  extension  of  headwater  con- 
quest than  the  west-  and  north -flowing  streams.  As  a 
result  of  this  battle  between  the  headwaters  of  the  two 
opposing  sets  of  rivers,  the  more  favorably  situated  ones 
may  well  have  encroached  upon  those  less  favorably  sit- 
uated, and  slowly  forced  the  divide  westward,  until  streams 
on  the  Appalachian  plateau  were  allowed  to  cross  the 
Appalachians  directly  to  the  Atlantic.2  Differences  in  cli- 
mate may  also  have  operated  toward  the  same  end,  for 
the  lofty  mountains  of  the  east  must  have  intercepted  the 
ocean  winds,  causing  a  much  heavier  precipitation  on  the 
seaward  than  on  the  landward  slopes. 

Succeeding  the  lowland  condition  of  the  northeastern 
section  of  the  country,  there  came,  during  the  Tertiary 
time,  an  uplift  of  the  land  which  was  greater  in  the  north 
than  in  the  south;  and  at  that  time  the  general  surface 
of  New  York  was  raised  until  it  stood  at  a  level  consid- 
erably higher  than  at  present.  The  evidence  of  this  uplift 
is  stated  on  page  304.  It  seems  entirely  within  reason  to 
think  that  one  of  the  results  of  the  uplift  may  have  been 
a  change  in  the  course  of  some  of  the  rivers;  for  it  is 
evident  that  such  an  uplift  will  increase  the  energy  of 
one  set  of  streams  and  decrease  the  energy  of  the  opposing 
set,  so  that  headwater  erosion,  and  the  conquest  of  stream 
territory,  is  rendered  more  easy.  This  uplift  would  have 
worked  in  favor  of  the  south-  and  east- flowing  streams, 
and  it  may  in  part  account  for  some  of  the  changes  in 
New  York  State  drainage.  As  is  stated  in  the  discussion  of 
the  Mohawk  (p.  182)  and  other  rivers,  still  other  changes 
have  been  brought  about  by  the  glacial  invasion. 

It  should  be  understood  clearly  that  this  statement  of 
the  early  drainage  history  stands  tor  little  more  than  a 
mere  suggestion.  It  deals  with  changes  which  are  so  far 


1  Sec   Davis,  Nat.  Cm-.   MML'.,  I,   1889,  195. 

2  Davis,  N:it.  ( ir,,-.  Mag.,  1,  1889,  18:t-2r.:!. 


158  The    Physical    Geography    of  New    York    State 

in  the  past  that  the  facts  necessary  to  prove  the  conclusions 
are  difficult  to  find,  and  perhaps  even  impossible  to  dis- 
cover. With  the  facts  so  far  found,  and  the  studies  that 
have  so  far  been  made,  little  more  light  has  been  thrown 
upon  the  question  of  the  early  drainage  history  of  New 
York  than  is  contained  in  the  general  hints  just  put  forth. 
Concerning  the  changes  since  the  immediate  preglacial 
time,  we  have  less  difficulty  in  determining  the  facts  neces- 
sary to  prove  the  history.  Our  difficulty  here  comes  chiefly 
from  the  fact  that  little  study  has  been  given  to  the  prob- 
lems, though  there  is  added  difficulty  from  the  fact  that 

o  *- 

in  many  cases   the   old  preglacial  valleys   are  too  deeply 
drift- filled  to  permit  any  certainty  of  conclusion. 

In  a  number  of  cases,  however,  studies  have  been  made 
with  sufficient  care  to  warrant  certain  conclusions  concern- 
ing changes  in  the  preglacial  drainage;  and  it  is  evident 
that  modifications  both  of  a  small  and  large  kind  have 
been  caused  by  the  ice  invasion.  A  few  of  these  will  be 
considered  in  some  detail  to  serve  as  types.  There  are 
numerous  other  similar  changes  known,  and  undoubtedly 
a  great  many  more  will  be  discovered  when  the  proper 
studies  have  been  made.  These  type  instances  will  be 
considered  by  examples  selected  first  from  western  New 
York,  then  from  central,  and  finally  from  eastern  New  York. 

THE  UPPEK  ALLEGHENY. — The  glacier  front  stood  for  a 
long  time  in  the  southern  part  of  Chautauqua  and  Catta- 
raugus  counties,  and  while  there  built  extensive  moraines. 
Numerous  oil  borings  in  southwestern  New  York  and  the 
neighboring  part  of  Pennsylvania,  show  that  the  drift  de- 
posits in  the  valleys  are  heavy.  Some  of  these  are  in  the 
nature  of  overwash  plains  and  valley  trains,  but  others 
are  evidently  lake  deposits.  North -flowing  streams  were 
ponded  back  by  the  ice  dam  and  caused  to  overflow  toward 
the  south,  forming  lakes,  the  evidence  of  which  may  be 
seen  in  several  of  the  valleys.  From  the  filling  of  such 
valleys  by  glacial,  stream  and  lake  deposits,  and  from  the 
cutting  down  of  divides  at  the  point  of  outflow,  one  may 
well  expect  to  find  some  rivers  actually  reversed  in  their 
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course,  having  originally  flowed  northward,  but  now  turned 
southward.  With  the  long  stand  of  the  ice  front  here, 
and  with  the  evidence  that  the  valleys  are  deeply  drift- 
filled,  such  a  result  would  normally  be  expected. 

Another  point  suggesting  a  reversal  of  drainage  is  the 
nearness  of  the  Erie -Allegheny  divide  to  Lake  Erie.  From 
the  breadth  of  the  valleys  occupied  by  the  Great  Lakes,  it 
seems  evident  that  in  preglacial  times  there  must  have 
been  good -sized  streams  in  the  valleys.  Yet  the  present 
divide  between  the  Erie-Allegheny  drainage  is  so  near 
Lake  Erie  that,  in  places,  one  may  stand  upon  it  in  plain 
sight  of  the  lake.  While  this  is  not  an  impossible  condition 
of  drainage,  it  is  distinctly  unlikely  that  the  divide  of  the 
tributaries  to  a  large  stream  should  be  so  near  the  main 
stream.  That  this  is  an  unnatural  condition  caused  by 
some  change  in  stream  course  is  further  indicated  by  the 
fact  that  the  present  divide  is  situated  among  the  lower 
hills,  amidst  broad  valleys,  while  to  the  southward,  in  the 
Pennsylvania  plateau,  the  land  is  much  higher  and  the 
valleys  distinctly  narrower.  The  real  preglacial  divide  be- 
tween the  north-  and  south -flowing  streams  in  this  section 
seems,  then,  to  have  been  not  where  it  now  is,  but  in  Penn- 
sylvania considerably  south  of  the  New  York  boundary. 

It  is  to  Carll1  that  we  owe  the  positive  proof  that  this 
conclusion  is  correct.  He  has  shown  very  clearly  that 
the  Allegheny  valley  narrows  up  near  Thomson's  Gap, 
decreasing  in  width,  from  its  normal  breadth  of  approxi- 
mately a  mile,  to  about  a  quarter  of  a  mile.  Moreover, 
he  has  shown  that  the  borings  through  the  drift,  which 
were  made  for  oil,  prove  that,  from  this  narrow  gap  north- 
ward, the  real  rock  floor  of  the  valley  slopes  northward 
instead  of  southward,  as  the  drift-filled  valley  now  slopes 
and  the  present  stream  flows.  His  conclusion  therefore  is, 
that  the  upper  Allegheny,  now  tributary  to  the  Ohio,  was 
in  preglacial  times  a  north-flowing  stream  passing  into 
the  river  that  occupied  the  basin  of  Lake  Krie. 


1  Second  Geol.  Survey,  Pennsylvania,  Kept.  III.  Issn.  ::::n-:;iii;. 
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MAP  OF  THE 
ANCIENT  DRAINAGE 

OF 

WESTERN  PENNSYLV. 
BY  P  MAX  fOSHAY; 


In  searching  for  the  preglacial  valley  that  carried  its 
waters  northward,  Carll  was  not  able  to  prove  the  exact 
place  of  outflow  so  satisfactorily  as  he  had  the  fact  of 
reversal;  but,  after  considering  the  several  possible  val- 
leys, he  decided  that  the 
outflow  was  probably 
through  the  Cassadaga 
Valley  into  Lake  Erie 
near  Dunkirk. 

Foshay1  accepts  this 
work  of  Carll  and  pro- 
poses the  name  Carll 
River  for  this  ancient 
preglacial  river.  Cham- 
berlin  and  Leverett 2 
likewise  accept  Carll 's 
conclusions,  though  not 
agreeing  to  the  pregla- 
cial Cassadaga  course. 
They  show  that  wells 
in  the  Connewango  Val- 

FIG.  82.  Foshay's  attempt  at  a  reconstruction  of  ley  passed  thl'OUgh  284, 
the  preglacial  drainage  of  western  Pennsyl-  o-|^  goQ  £QQ^,  of  drift 
vania  and  New  York. 

without   reaching   rock, 

showing  a  deeply  drift- filled  valley,  the  continuation  of 
which  they  placed  further  east  than  the  Cassadaga.  Their 
conclusion  is  that  the  preglacial  course  of  the  Upper  Alle- 
gheny was  into  Lake  Erie  through  the  Cattaraugus  Creek, 
which  enters  the  lake  near  the  town  of  Silver  Creek 
(Figs.  83  and  84). 

Foshay3  shows  that  this  is  not  the  only  important  change 
in  the  direction  of  the  tributaries  of  the  Ohio.  Following 
the  suggestion  of  Spencer,4  he  studied  the  region  of  the 
Beaver  River  and  has  shown  that  the  Lower  Allegheny, 


i  Amer.  Journ.  Sci.,  Ser.  Ill,  XL,  1890,  397-403. 
2Amer.  Journ.  Sci.,  Ser.  Ill,  XLVII,  1894,  247-283. 

3  Amer.  Journ.  Sci.,  Ser.  Ill,  XL,  1890,  397-403. 

4  Amer.  Phil.  Soc.,  XIX,  1881,  300-337. 
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FIG.  83.  Present  drainage  of  upper  Ohio 
with  lake  beaches  and  moraines  in- 
dicated (Chamberlain  and  Leverett). 


the  Monongahela  and  the  Up- 
per Ohio  rivers  united  at  the 

Beaver  River  and  together  en- 
tered Lake  Erie  through  the 

Grand  River.    For  this  pregla- 

cial    stream,  now   broken   up 

into  several  parts,  Foshay  has 

proposed   the   name    Spencer 

River  (Fig.  82).     As  will   be 

seen   by  the    map   (Fig.  84), 

Chamberlin  and  Leverett  ac- 
cept his  conclusions  in  the 

main.      It   is    evident   that 

other   similar   reversals    have 

occurred    farther    west    in 

Ohio,    so     that    if    the     Erie 

Basin    could    have    its    pre- 

glacial    drainage,   instead    of 

being  entered,  as  at  present, 

by  only  a  number  of  small  streams,  it  would  have  sev- 
eral quite  large  tributaries, 
while  the  Ohio  would  be  cor- 
respondingly reduced  by  the 
:;  reversal  of  the  tributaries 
which  were  given  it  as  a 
result  of  the  glacial  inva- 
sion . 

THE  «  GULFS  "  OF  WEST- 
ERN NEW  YORK.— One  of  the 
striking  topographic  features 
of  the  Erie  escarpment  of 
western  New  York,  in  Chau- 
tauqua  County,  is  the  presence 
of  numerous  narrow  gorges, 
locally  called  "gulfs,"  which 
breach  the  face  of  the  escarp- 

Fi'i.   84.      Reconstruction     of    provincial     ,,,.,, ,4  'r],(1     qnnll      <atvp-im<a 

drainage  of  upper  Ohio  region  (Cham  llH1S' 

berlin  and  Leverett).  flOWlDg     frOlll     tllC     Uplands    of 
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the  Chautauqua  County  plateau,  have  carved  steep- sided 
gorges  in  the  soft  Devonian  shales.  These  are  young 
postglacial  valleys,  having  their  origin  in  the  fact  that  the 
drift  deposits  have  partially,  and  in  some  cases  almost 
completely,  obliterated  the  preglacial  valleys  by  filling. 
In  some  places  these  preglacial  valleys  are  indicated  as 
sags  in  the  hillsides,  occupied  by  streams,  and  some- 
times by  streams  which  have  not  yet  cut  down  to  the 
bed  rock.  In  the  latter  case  the  postglacial  valleys  are 
rather  broad  gorges  carved  solely  in  the  glacial  accu- 
mulations. Elsewhere  there  are  instances  of  streams  which 
flow  entirely  outside  of  the  preglacial  valleys,  and  then 
they  have  carved  rock  gorges,  frequently  with  water- 
falls. Not  uncommonly,  however,  the  streams  have  their 
courses  for  the  most  part  in  their  preglacial  valleys;  but, 
owing  to  the  drift-filling  of  irregular  form,  they  are  often 
turned  aside  from  the  central  axis  of  the  valley,  so  that, 
after  cutting  through  the  drift,  they  find  themselves  at 
times  superimposed  upon  the  bed  rock  at  one  side  of  the 
valley.  In  such  cases  the  "gulfs"  are  narrow,  rock-walled 
gorges  in  places,  and  broad,  drift-walled  gorges  in  others, 
where  their  course  is  more  nearly  in  accord  with  the  pre- 
glacial valley  axis.  The  scenery  thus  produced  is  quite 
like  the  gorge  scenery  of  Central  New  York  (p.  172), 
where  the  conditions,  both  as  to  local  rock  structure  and 
cause,  are  quite  similar. 

DKIFT-FILLED  VALLEYS  ALONG  THE  LAKE  SHOKE.— Besides 
the  partially  obscured  valleys  on  the  face  of  escarpment, 
and  the  drift- filled  valleys  of  the  plateau,  there  are  sim- 
ilar buried  valleys  along  the  shore  of  the  lake.  This  is 
proved  by  the  fact  that  the  rock  cliff  along  the  shore  of 
Lake  Erie  is  here  and  there  interrupted  by  stretches  of  drift 
without  rock,  notably  at  Dunkirk  and  Silver  Creek.  The 
bottoms  of  these  valleys  are  below  lake  level,  and  in  the 
case  of  Cattaraugus  Creek,  which  Chamberlin  and  Leverett 
believe  to  be  the  former  course  of  the  Upper  Allegheny, 
a  well  boring  at  Versailles,  seven  miles  from  the  lake, 
shows  the  drift- filling  to  be  at  least  95  feet  below  the 
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present  lake  level.  This  tends  to  prove  that  the  preglacial 
Lake  Erie  valley  was  lower  than  the  present  lake  surface; 
and,  together  with  similar  facts  elsewhere,  this  has  an 
important  bearing  on  the  question  of  the  preglacial  history 
of  the  Great  Lakes. 

No  attempt  will  lie  made  to  discuss  the  history  of 
Niagara  River  and  the  Great  Lakes  in  this  chapter,  though 
at  this  point  we  may  refer  to  the  fact  that,  in  the  course 
of  the  gorge- cutting  by  the  present  Niagara,  a  buried 
channel  has  been  revealed  at  the  Whirlpool,  and  that  this 
extends  northward  to  the  edge  of  the  escarpment  at  St. 
David's.  The  exact  meaning  and  history  of  this  buried 
valley  is  not  yet  clearly  understood,  though  there  is  some 
reason  for  supposing  it  to  be  the  course  of  the  Tonawanda 
Creek  before  the  last  invasion  of  the  ice.  It  cannot  prop- 
erly be  considered  to  be  the  preglacial  course  of  Niagara 
River,  for  whatever  the  preglacial  drainage  of  the  Great 
Lake  area  may  have  been,  there  is  no  reason  for  thinking 
that  the  course  of  one  of  the  great  streams  of  the  system 
was  along  the  line  of  the  present  Niagara  River. 

Nor  does  this  buried  gorge  from  the  Whirlpool  to  St. 
David's  coincide  exactly  with  our  idea  of  a  preglacial  valley. 
During  all  the  time  that  it  had  for  development,  such  a 
valley  should  be  broad,  with  somewhat  rounded  sides,  hav- 
ing reached  the  form  of  early  maturity;  but  this  valley  is 
a  distinctly  narrow,  steep-sided  gorge  with  youthful  char- 
acteristics. It  has  been  suggested  that  the  buried  gorge 
is  really  interglaeial,  formed  possibly  by  the  Tonawanda 
Creek  during  the  interval  between  the  first  and  second 
advance  of  the  ice  sheet. 

It  does  not  require  a  long  nor  very  detailed  study  of  the 
drainage  features  of  northern  and  western  New  York  to 
see  that  this  yorye  condition  of  parts  of  valleys,  now  tilled 
or  partially  obscured  by  drift,  and  hence  antedating  the 
last  advance  of  the  ice,  is  a  feature  that  will  have  to  be 
taken  into  full  consideration  before  the  studies  of  the 
drainage  history  are  complete.  Some  cause  has  introduced 
gorges  of  earlier  date  than  the  drift-filling,  and  has  intro- 
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duced  them  in  connection  with  distinctly  preglacial  valleys. 
What  this  cause  is  we  are  not  yet  prepared  to  state,  though 
interglacial  stream -cutting  seems  the  best  hypothesis  in  the 
present  stage  of  the  investigation.  This  question  is  briefly 
considered  below  (p.  177). 

THE  GENESEE  RIVER.  —  Owing  to  the  early  settlement  of 
Rochester,  and  the  presence  of  the  falls  there,  the  lower 
part  of  this  valley  long  ago  attracted  attention,  and  it  was 

early  recognized  that  the 
lower  gorge  had  been 
carved  out  by  the  action  of 
running  water.1  The  first 
description  at  all  adequate 
was  by  Hall,2  who  states 
some  of  the  more  important 
facts  in  the  history  of  the 
valley. 

The  Genesee  is  the  only 
river  which  crosses  the  en- 
tire State,  rising  in  Penn- 
sylvania, just  south  of  the 
boundary,  and  flowing 
northward  into  Lake  On- 
tario,  just  to  the  north  of 
Rochester.  The  valley 
presents  some  interesting 
peculiarities,  for  there  are 

FIG.  85.  Map  showing  condition  in  Genesee  lOUI  quite  distinct  parts  to 
Valley  with  probable  preglacial  course  it.15  Fl'Om  the  head  Water  S 
indicated  (Grabau).  T-V  ••,-,  /T-,.  r,^  \ 

to    Portageville  (Fig.   85) 

the  river  flows  in  a  broad,  mature  valley,  evidently  pregla- 
cial in  age,  and  partly  filled  by  a  deposit  of  drift.  At  Por- 
tageville the  valley  abruptly  changes  its  character,  for  the 


1  See,  for  instance,  Bigsby,  Amer.  Journ.  Sci.,  II,  1820,  250-54  ;  Wadsworth,  same, 
XVIII,  1830,  209-210;  Silliman,  same,  XVIII,  1830,  210-211  ;  Hall,  Geology  of  New 
York,  Fourth  Dist.,  1843,  377-382. 

2Geol.  of  New  York,  Fourth  Dist.,  1843,  342-347;  3G8-374. 

3  Grabau,  Proc.  Buston  Soc.  Nat.  Hist.,  XXVI,  1894,  359-3G9. 
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stream  here  enters  a  rocky  gorge,  through  which  it  passes 
for  over  25  miles,  as  far  as  Mt.  Morris.  'This  gorge  varies 
in  width  from  six  hundred  to  about  eight  hundred  feet,  and 
its  sides  are  mostly  perpendicular,  rising  in  places  to  a 
height  of  four  hundred  feet  or  more.  In  this  gorge  are 
situated  the  three  celebrated  Portage  Falls" — the  first 
having  a  height  of  GO  feet,  the  second  of  110  feet  and 
the  third  of  9(5  feet.1 

Below  the  gorge,  from  Mt.  Morris  to  Rochester,  the 
valley  is  again  broad  and  preglacial  in  characteristics, 
though  wider  than  the  upper  valley.  The  bottom  of  this 
part  of  the  Genesee  Valley  is  drift -filled  to  the  depth  of 
at  least  one  hundred  or  two  hundred  feet.  A  part  of  this 
filling  is  due  to  the  presence  of  a  lake  that  was  dammed 
back  by  the  glacier  when  it  reached  across  the  valley.2 
At  Rochester  the  river  enters  a  second  gorge,  and  for  seven 
miles  flows  through  it  until  Lake  Ontario  is  reached.  In 
this  postglacial  gorge  there  are  three  falls,  the  upper  one, 
over  the  hard  Niagara,  being  98  feet  high,  the  second, 
over  the  Clinton,  20  feet  high,  and  the  third,  over  the  hard 
upper  Medina  sandstone,  105  feet  high.3 

So  the  valley  is  a  complex  of  two  preglacial  and  two 
postglacial  courses.  To  the  west  of  the  middle  Genesee 
there  is  a  broad  preglacial  valley  occupied  by  the  Oatka 
Creek.  It  is  fully  a  mile  wide,  which  is  about  the  widtli 
of  the  Genesee  above  Portageville,  and  it  is  quite  deeply 
drift- filled,  as  is  the  Genesee  itself,  the  drift  being  a  hun- 
dred and  fifty  to  two  hundred  feet  deep.  This  valley  seems 
altogether  too  large  for  so  small  a  stream  to  make.  While 
the  direct  connection  between  this  and  the  upper  Genesee 
has  not  been  discovered,  Grabau  is  of  the  opinion  that 
the  Oatka  Creek  really  represents  the  continuation  of  Hie 
upper  Genesee.  Chamberlin4  points  out  thai 


i  Grabau,  Proc.  Boston  Soc.  Nat.  Hist..  XXVI.  I  MM,  :!.v.i-:',r,i>. 

z  Hall,  Geol.  of  New  York,  Fourth  Dist.,  344;  Davis,  i'r.>c.  Huston  Soc.  Nut.  Hist., 
ISM.'.  XXI.  :',(il;  Grabau,  I'n.c.  Huston  Soc.  Nat.  Hist..  XXVI.  :i(iO:  Fairehild.  Hull. 
<;<-oi.  s(,c.  AIM.T.,  vii.  isiMi,  I::»-I.YJ. 

:'Orab;m.  I'roc.  K..M..II    Soc.,  Nat.   Hist.,  XXVI.   IS'.M.  Ml. 
4  Third  Annual   Kcport,  U.  S.  Geological  Survey,  188:!.  X.l. 
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Fi<;.  tio.      Lower  Geuesee  Falls. 

there  is  much  moraine  near  Portageville,  and  suggests 
that  the  real  channel  of  preglacial  Genesee  lies  to  the 
east  of  the  gorge  course,  instead  of  to  the  west,  as  Grabau 
has  suggested. 

To  the  east  of  the  middle  Genesee  there  is  another  broad 
preglacial  valley,  occupied  by  the  Caneseraga  Creek,  which 
joins  the  Genesee  just  below  the  Portage ville-Mt.  Morris 
gorge.  This  valley  appears  to  be  a  preglacial  tributary  of 
the  middle  portion  of  the  Genesee.  According  to  the  views 
of  Grabau,  which  will  be  found  stated  more  fully  in  his  paper, 
the  upper  Genesee  turned  westward  into  the  Oatka  Creek 
and  joined  the  valley  now  occupied  by  the  Genesee  at  some 
point  below  Avon.1  This  river  received  the  tributaries 

1  R.  H.  Whitbeck  has  carefully  studied  the  upper  gorge  of  the  Genesee,  and  dis- 
agrees with  Grabau.  He  holds  that  the  river  turned  eastward;  and  that  the  problem  is 
complicated  by  an  interglacial  gorge,  now  partly  buried.  The  result  of  this  work  is 
to  appear  in  the  Bull.  Aruer.  Geog.  Soc.,  Feb.  1!)02. 
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occupying:  the  valley  which  is  now  the  site  of  Caneseraga 
Creek  and  the  middle  preglacial  portion  of  the  Geuesee. 
The  exact  place  of  union  of  these  two  streams  has  not 
been  proved. 

The  postglacial  gorge  from  Rochester  to  Lake  Ontario 
represents  a  further  turning  aside  of  the  stream  from  its 
preglacial  course  by  which  it  was  forced  to  cut  into  the 
rock.  To  the  east  of  Rochester  there  is  a  broad  valley 
extending  from  the  lake  to  Penfield.  At  the  north  it  is  fully 
a  mile  wide,  where  it  forms  a  bay  called  Irondequoit  Bay, 
which  is  partially  shut  oft'  from  the  lake  by  a  sand-bar.  This 
valley  is  at  least  250  feet  deep.  The  suggestion  naturally 
arises  that  the  Irondequoit  Bay  represents  the  preglacial 
course  of  the  lower  Genesee,  and  this  suggestion  was  ac- 
tually made  by  Hall  as  long  ago  as  1843. l  It  has  since 
been  restated  by  Dryer;2  and  Grabau3  thinks  that  it  was  at 
least  the  former  outlet  of  the  preglacial  Caneseraga,  and,  if 
the  Genesee  united  with  this,  of  the  Genesee  also.  There 
are  extensive  drift  deposits  near  Rochester  consisting  of 
moraines,  kames  and  drumlins,  so  that  the  ancient  valley 
may  well  be  entirely  obscured  by  these  deposits. 

There  are  probably  other  changes  in  the  Genesee  valley, 
especially  about  the  headwaters,  similar  to  those  found  fur- 
ther east  in  theFinger  Lake  region  (p.  170)  ;  but  no  work 
has  been  done  upon  this  region.  AVith  reference  to  the 
changes  recorded  above,  it  may  be  stated  that,  while  some 
points  are  as  yet  uncertain,  it  seems  that  the  two  gorges  call 
for  some  such  changes  as  those  outlined;  and,  while  the 
conclusions  of  Grabau  may  be  somewhat  modified  in  detail 
l>y  future  studies,  the  main  fact-- that  the  present  Genesee 
follows  a  course  which  is  different  from  the  preglacial  course 
in  the  t\\o  gorge  portions — may  be  considered  proved. 

Tin;  CiiKMrxi;  VALLEY. — There  are  no  publications  relat- 
ing to  the  conditions  in  the  upper  Siisqnchanna  and  its  trib- 
utaries. Having  worked  to  sonic  extent  in  this  vallcv,  1  have 


1   ll.-ill,  Qeol.  of  New  York,  Fourth  Dist.,  1843,  344,  f-'l'. 

-  Amer.  Qeol.,  V,  is-.iti.  L'irj-207. 

3  Proc.  Boston  Soc.  Nat.  !li-t.  XXVI,  l.s-.tl.  364. 
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seen  that  there  are  problems  of  importance  connected  with 
the  changes  in  river  course.  It  is  not  improbable  that  some 
of  this  drainage  found  its  way  northward  through  the  valley 
of  Seneca  Lake ;  but  the  evidence  of  this  is  not  yet  complete 
enough  for  a  discussion  of  the  subject. 

Nevertheless  it  should  be  pointed  out  that  at  Havana, 
four  miles  south  of  the  lake,  a  well  in  the  middle  of  the 
valley  passed  through  435  feet  of  drift  without  reaching 
rock,1  and  that  six  miles  south  of  this  a  well  186  feet  deep 
did  not  reach  rock.  From  this  it  is  seen  that  the  valley  is 
deeply  drift-filled,  being  occupied  by  a  heavy  deposit  of 
moraine.  It  is  also  a  broad  valley  and  may  possibly  repre- 
sent the  course  of  a  north- flowing  preglacial  stream,  which 
received  tributaries  from  south  of  the  present  divide.  In 
any  event,  it  is  certain  that  the  present  divide  is  determined 
by  drift  deposits,  not  by  the  bed-rock  outline,  as  it  was  in 
preglacial  times,  and  therefore  that  its  present  position  is 
not  the  exact  preglacial  one. 

One  notable  change  of  glacial  origin  is  illustrated  on  the 
Elmira  sheet  of  the  U.  S.  Geological  Survey  (Fig.  87).  It 
will  be  seen  that  the  Chemung,  flowing  from  the  west  in  a 
broad  valley  with  flat  bottom,  abruptly  leaves  it,  passing 
through  a  very  narrow  valley  behind  a  large  and  high  hill, 
and  emerges  again  into  the  old  and  broad  valley  at  Elmira. 
In  doing  this,  it  makes  a  shorter  cut  from  near  Big  Flats  to 
Elmira;  but  while  this  is  true,  it  is  noticeable  that  the  stream 
leaves  what  was  evidently  its  preglacial  course  past  Horse - 
heads.2  No  rock  is  found  in  the  stream-bed,  either  in  the 
broad  main  valley  or  in  the  narrow  valley  now  occupied  by 
the  river.  It  is  evident  from  this  that  the  Chemung  has  not 
made  a  postglacial  cut  in  passing  from  Big  Flats  to  Elmira. 

The  conditions  of  the  valley  are  these:  A  massive  mo- 
raine occupies  the  upper  or  southern  part  of  Seneca  Valley 
as  far  as  Pine  Valley;  and  while  the  ice  was  standing  there 


1  Lincoln  Amer.  Jour.  Sci.,  Ill,  XLVII,  1894,  109. 

2  This  valley  has  been  studied  by  Mr.  N.  H.  Farnham,  of  Cornell,  who  has  written 
an  undergraduate  thesis  upon  the  subject  and  deposited  it  in  the  Cornell  Library.    To 
Mr.  Parnham's  thesis  I  am  indebted  for  some  of  the  facts  stated  here.     Space  prohib- 
its a  full  statement  of  all  the  evidence,  which  will  be  published  in  due  time  elsewhere. 
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building  this  moraine,  floods  of  sediment -laden  water  were 
poured  into  the  Cheniung,  to  which  were  added  other  con- 
tributions from  the  tributary  streams  to  the  west  of  this. 
These  glacially  furnished  gravels  form  a  notable  part  of  the 
filling  of  the  abandoned  Chemung  Valley. ]  The  flat-bot- 
tomed valley  is  the  product  of  the  overburdened  condition 
of  glacially  supplied  water,  and  it  forms  a  very  typical 
overwash  plain. 

Prior  to  this  flooding  there  had  been  two  small  tributaries 
to  the  Chemung,  heading  on  the  southern  side  of  the  hill,  in 
the  narrow  valley  now  occupied  by  the  Chemung.  From  the 
map  one  readily  sees  where  the  preglacial  divide  was  situated ; 
for  the  valley  behind  the  hill  broadens  both  ways  from  this 
narrow  divide  section.  The  glacial  floods  choked  these  small 
tributaries  with  sediment  until  their  bottoms  were  raised 
above  the  level  of  the  divide  between  them,  so  that,  when 
the  sediment  supply  ceased,  it  was  possible  for  the  Che- 
mung to  pass  behind  this  hill,  being  prevented  from  flowing 
through  its  old  valley  because  of  the  slightly  greater  eleva- 
tion there,  caused,  no  doubt,  by  the  fact  that  the  sediment 
supply  was  greater  from  the  Seneca  Valley  than  from  the 
others,  thus  causing  a  more  rapid  filling  near  Horseheads 
than  in  the  more  remote  valley  near  Big  Flats  and  along 
the  present  narrow  course  of  the  Chemung.  In  other  words, 
this  is  an  overwash  plain  with  the  form  of  an  alluvial  fan. 

REVERSAL  OF  DEAINAGE  NEAR  LAKE  CAYUTA  (Fig.  41).- 
Doubtless  there  are  hundreds  of  cases  of  changes  in  drain- 
age in  New  York  similar  to  these  which  have  been  dis- 
cussed, though  practically  nothing  has  been  published  upon 
them.  As  further  illustration  of  accidents  to  river  courses, 
I  propose  to  state  some  of  the  changes  near  Cayuta  Lake 
which  have  been  carefully  studied.  These  will  serve  as 
illustrations  of  types  rather  than  because  of  their  intrinsic 
importance. 

Extending  from  Cayuta  Lake  southwest  to  the  Seneca 
Valley  is  a  broad  valley  choked  with  extensive  morainic 

1  There  are  other  deposits  than  these  in  the  valley,  notably  till,  partly  and  iu 
places  completely  buried  beneath  the  gravels. 
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deposits.  It  is  a  direct  continuation  of  the  Cayuta  Lake 
valley  (see  U.  S.  topographic  map,  Wat-kins  sheet),  and  yet 
the  outflow  of  the  lake  is  not  through  this  broad  valley, 

but  to  the  south- 
east, where  it 
passes  through  a 
narrow  gorge  cut 
in  the  hills.1  If 
the  water  went 
as  one  would 
expect  from  the 
general  topogra- 
phy, and  as  it 
evidently  did  in 
preglacial  times, 
it  w  o  u  1  d  have 
entered  Seneca 
Lake  and  thence 
have  passed 
northward,  pro- 

FIG.  88.     To   show  present  and  preglacial  stream  courses      yirlprl    the  stream 
near  Cayuta  Lake. 

occupying   the 

Seneca  valley  flowed  as  the  water  now  runs.  Instead  of 
this  it  now  passes  southward  into  the  Atlantic  through  the 
Susquehamia. 

There  are  other  changes  near  here.  By  examining  the 
Ithaca  sheet  of  the  U.  S.  Geological  Survey  (Fig.  41)  it 
will  be  noticed  that  a  series  of  hills  stretch  across  the 
valley  of  Pony  Hollow  at  the  place  which  is  now  the  divide. 
These  hills  are  a  part  of  the  terminal  moraine  (marked 
moraine  in  Fig.  88)  and  their  height  has  prevented  the 
postglacial  streams  in  that  vicinity  from  taking  their  pre- 
glacial courses.  The  real  preglacial  divide  of  the  Pony 
Hollow  stream  is  near  Newfield  on  one  branch,  and  near 
TrumbulPs  Corners  on  the  other.  By  the  filling  of  tin- 
Pony  Hollow  valley  the  stream  has  lost  fully  half  of  its 
volume.  This  amount  of  \vater  has  been  turned  from  the 


1  Th is  :qi|H':ir*  to  lie  an  intcrirhiri;.!  cut.     Sec  |>.  177. 
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Seneca  into  the  Caynga  Valley.  In  addition  to  the  moraine 
filling  in  the  Pony  Hollow  Valley,  there  are  also  extensive 
deposits  of  overwash  material,  which  have  transformed 
the  valley  bottom  to  a  broad  overwash  plain. 

Cayuta  Lake  and  the  Pony  Hollow  stream,  in  preglacial 
times  larger  than  now,  at  present  unite  to  form  Cayuta 
Creek,  which  flows  southward  to  the  Susquehanna.  The 
map  (Fig.  41)  shows  the  valley  narrowing  in  the  direction 
of  flow  of  these  streams  until  Cayuta  Creek  reaches  a 
narrow  gorge,  south  of  which  the  valley  again  broadens. 
The  topographic  evidence  here,  therefore,  points  to  another 
case  of  reversal,  the  site  of  the  gorge  being  a  divide  sim- 
ilar to  that  of  Thomson's  Gap  in  the  Upper  Allegheny. 
Thus  the  topographic  evidence  points  toward  the  westward 
flow  of  this  part  of  Cayuta  Creek  in  preglacial  times,  when 
it  received  tributaries  from  the  Pony  Hollow  stream  and 
Cayuta  Lake  Valley.  These,  uniting,  flowed  westward  into 
the  Seneca  stream  through  a  broad  valley  now  deeply  drift- 
filled  and  occupied  by  only  one  or  two  very  tiny  streams. 
Evidence  of  these  changes  is  only  less  complete  than  that 
of  the  Allegheny  by  the  absence  of  borings  to  show  that 
the  conclusions  from  topography  are  verified  by  rock  bottom 
slope. 

GORGES  OF  THE  FINGER  LAKES  REGION.1 —In  central  New 
York  there  are  many  postglacial  gorges  cut  in  the  Devonian 
shales,  and  in  them  are  a  great  number  of  picturesque 
waterfalls.  In  each  case  the  gorge  represents  a  new  stream 
course  caused  by  diversion  resulting  from  drift  deposits. 
While  each  case  presents  peculiarities  of  its  own,  I  shall 
select  only  a  few  near  Ithaca  to  serve  as  types  of  the 
others,  among  the  most  noted  of  which  are  Watkins  and 
Havana  Glens  at  the  head  of  Seneca  Lake.  The  region 
about  Ithaca,  as  also  that  about  Seneca  Lake,  and  the 
head  of  the  other  Finger  Lakes,  is  one  of  heavy  drift 
deposits,  connected  with  the  moraine  of  the  "second  glacial 
epoch"  (p.  127).  The  ice  passed  rather  freely  along  the 

'Hall,  Geol.  of  New  York,  Fourth  Dist.,  1843,  377-382;  Macfarlane,  Science,  IV, 
1884,  99-101;  Lincoln,  New  York  State  Museum  Report,  48,  Part  2,  1894,  67-68. 
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axis  of  these  north- south  valleys  and  partially  scoured 
them  out;  but  the  tributaries  from  east  and  west,  instead 
of  being  deepened,  were  shallowed  by  drift  deposit  (p.  143), 
especially  near  the  lake  valley.  Consequently,  when  the 
streams  began  to  flow  after  the  ice  had  withdrawn,  they 
were  often  obliged  to  seek  new  courses  because  their  old 
valleys  were  so  deeply 
drift-filled.  This  was 
the  cause  for  the  gorges 
and  the  waterfalls  that 
have  developed  during 
the  process  of  gorge- 
cutting. 

In  the  case  of  Six 
Mile  Creek,  which  en- 
ters the  Cayuga  Valley 
from  the  east  at  Ithaca, 
the  postglacial  stream 
occupies  the  preglacial 
valley  throughout  its 
distance;  but,  because 
of  the  drift-filling,  it  is 
not  now  flowing  at  all 
places  along  the  loivest 
part  of  the  old  valley. 
So,  as  in  the  case  of 
some  of  the  "gulfs"  of 
Chautauqua  County,  this 
creek  has  in  places  cut 
through  the  drift  to  find 
itself  superimposed  upon  the  rock  wall  of  a  part  of  the  old 
valley.  \Vhere  this  is  the  case,  we  have  a  rock-walled 
gorge,  often  with  falls  and  rapids,  while  in  other  pails  the 
valley  is  broad  and  drift- walled,  forming  what  are  locally 
known  as  "amphitheaters."  In  passing  up  this  valley  one 
comes  first  into  a  gorge,  then  into  a  broad  amphitheater, 
and  again  into  another  gorge,  etc.  Each  gorge  represents 
a  place  where  the  postglacial  stream  has  cut  into  the  rock 


FIG.  89.  Green  Tree  falls  in  a  po^tulai-ial  ^nrirt1 
section  of  Six  Mile  Civrk  i-I.  ().  Martin, 
photographer). 
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banks  of  the  older  valley;  and  each  amphitheater  is  a 
place  where  the  present  stream  flows  near  the  center  of 
the  older  valley,  so  that  it  has  not  yet  reached  the  old 
rock  floor. 

Buttermilk  Creek,  south  of  this,  occupies  its  preglacial 
course  down  to  the  distance  of  about  a  mile  from  the  Cay- 
uga  Valley,  where  it  leaves  it  and  cuts  a  rock  gorge,  while 

the  older  valley  is 
traceable  just  north  of 
the  gorge,  where  it  is 
seen  in  the  form  of  a 
broad  valley  filled  with 
drift.  The  conditions 
at  Fall  Creek  are  simi- 
lar to  Buttermilk,  the 
old  valley  being  here 
also  to  the  north  of 
the  postglacial  gorge; 
and  the  same  is  true 
of  Taughannock  gorge, 
in  which  is  found  the 
highest  fall  in  the 
State,  where  the  water 
falls  vertically  for  a 
distance  of  215  feet. 
Here  the  old  valley  is 
also  north  of  the  post- 
glacial gorge.  Coy 
Glen,  southwest  of 
Ithaca,  presents  similar  conditions ;  but  in  this  case  the  pre- 
glacial valley  is  south  of  the  postglacial. 

In  all  these  cases  the  old  valley  is  abandoned  by  the 
stream  at  a  distance  of  one  or  two  miles  from  the  lake  val- 
ley. There  are  reasons  for  this,  one  being  that  the  pregla- 
cial valleys  are  more  completely  obliterated  by  drift-filling 
near  the  lake  than  on  the  high  land  further  back  from  it. 
Another  is  that  as  the  ice  went  down  the  Cayuga  valley  gla- 
cial erosion  scoured  not  only  the  valley  bottom,  but  its  sides, 


FIG.  90.     Triphammer  Falls   in  Fall   Creek  on 
northern  boundary  of  Cornell  Campus 


. 


Fi<i.  'Jl.     Ithaca  Falls  at  the  outlet  (if  Fall  Creek  (ior^e  near  the  Cornell  Campus. 
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thus  lowering  the  tributary  valley  walls  so  that  less  filling 
was  necessary  to  obliterate  them.  A  third  reason  for  the 
abandonment  of  the  older  valleys  is  the  lake  deposits; 
and  this  is  the  most  important  reason,  especially  in 
determining  the  exact  course  of  the  lower  or  gorge  part 

of  the  streams.  The 
manner  in  which  the  lake 
deposits  have  brought 
this  diversion  about  calls 
for  a  fuller  statement. 

When  the  ice  was 
leaving  it,  the  Cayuga 
valley  was  occupied  by 
a  lake,  dammed  back  by 
the  glacier,1  and  the  evi- 
dence of  this  is  found  in 
the  form  of  remarkably 
well -developed  deltas 
opposite  the  stream 
mouths.  These  deltas 
completed  the  filling  of 
the  older  valleys  in 
places,  so  that,  when  the 
lake  had  disappeared, 
the  new  river- courses, 
down  the  hillside  into 
the  Cayuga  Valley,  were 
determined  by  the  po^i- 
tion  that  the  streams 
happened  at  that  time 
to  have  upon  the  deltas  which  were  just  being  abandoned. 
Each  stream  naturally  began  cutting  a  gorge  at  the  very  place 
where  it  was  flowing  at  the  time  the  lake  disappeared,  and 
this  accounts  for  the  very  remarkable  condition  at  Taughan- 
nock  Falls,  where  the  new  course  has  been  begun  on  the 
hillside  instead  of  in  the  lower  ground  of  the  partially  filled 


Fio.  92.  Step  Fall  over  several  hard  layers, 
Enfield  Gorge  (  McGillivray,  photo- 
grapher ) . 


i  Fairchild,  Bull.  Geol.  Soc.  Amer.,  VI,  1895,  353-374;  Watson,  New  York   State 
Museum  Report  51,  Part  1,  1891,  r55-rl!7. 
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older  valley.  The  first  place  where  the  stream  leaves 
its  older  valley  is,  therefore,  at  the  site  of  the 
uppermost  delta;  and,  ae  the  lake  dropped  by  successive 
stages,  indicated  by  successively  lower  deltas,  the 
atre.-tm  course  was  locally  redetermined  by  the  lower 
deltas  during  the  process  of  lake  withdrawal. 

The  presence  of  the  new  gorges  on  the  south  side 
of  the  old  valleys,  which  is  the  prevailing  condition, 
is  due  to  the  effect  of  the  north  winds  on  the  extinct 
lake,  which  forced  the  deltas,  and  therefore  the  river 
courses,  to  the  southward.  The  reason  why  this  is  not 
so  in  the  case  of  Coy  Glen  is  that  its  situation  is 
protected  from  the  north  winds,  but  exposed  to  those 
from  the  south.  What  is  said  of  these  specific  cases 
will  apply  to  many  of  the  other  gorges  of  the  Finger 
Lakes. 

In  the  gorges  are  many  remarkable  wat  -r falls. 
Of  these  there  are  two  raain  types  -  one  represented 
by  Taughannock  ,  where  the  fall  is  straight  down,"  and 
the  other  by  the  Ithaca  Falls,  where  the  falls  consist 
of  a  sucession  of  steps.  The  former  is  the  Niagra 
type,  and  occurs  where  there  is  a  hard  layer  to  hold 
the  fall  at  that  level,  or  where,  as  in  Taughannock, 
the  joint  planes  favor  a  steep  fall.  The  latter  is 
found  either  where  there  is  no  unusually  hard  layer 
or  no  perfect  development  of  jointplanes,  or  else 
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where  there  are  several  hard  strata  near  together  with 
intermediate  beds  of  soft  rock. 

These  falls   are  in  process  of  change,  those  of  t 
the  Naigra  type  moving  upstream,    and  maintaining  their 
height   at  the  level  of  the  hard  stratum,   while  the  second 
type  is  being  transformed  to  rapids.     In  both  eases 
they  had  their  birth  as  the  resutl  fcf  the  accident 
which  turned  streams  to  one  side  of  thiir  old     coureee 
and  Caused  them  to  tumble  down  a  steep  hillside,   in  r 
which  they  have  undertaken  the  task  of  carving  a  valley, 
which  has  now  peached  this  stage     of  development,   varying 
slightly  urtder  d iff* rent  conditions,   but  in  all  eases 
being  a  gorge  with  rapids  and  falls* 


IHTEROLAOIAL  (l)  GORGES.     -  In  central  New  Y0rk 
there   are  numerous  gorges  which  are  broader  than  the 
postglacisl  valleys   and  partially  obscured  by  glacial 
till,   showing  that  they  were  formed  either  during  pre- 
glacial  or  interglacial  times.     This  class  of  valley 
is  especially  well   illustrated  in  Six  Mile  Creek,   where 
Its  relation  to  the  broad,  mature  preglacial  v/alley  is 
well   shown.     In  one  ease  near  Taughannock  Valley,   lake- 
beds  containing  fresh  water  fossils  have  been  found 
beneath  the  till. 

Space  forbids  a  discussion  of  this  subjeet,   since 
the  exact  origin  of  these  gorges   is  not  yet  determined. 
When  studies  have  reached  over  a  wide  enough  area,   the 
facts  concerning  theri  distribution  and  origin  will  be 


THE  RIVERS  OF  NEW  YORK  179 


brought  forward;    but   at  this  time  only  the  fact  of  their 
existence   is  mentioned,    in  the  hope  that  it     may  reach 
the  eyes  of  some  who   are  working  on  the  physiographer 
of  other  parts  of  the  State  where  similar  gorges  exist. 
The   question  is  a  large  one,   and  not  to  be  settled  by 
the  study  of  a  single  valley.     One  naturally  thinks  of 
these  gorges   as  being  interglacial   in  origin,    and  this 
explanation  seems   at  present  the  most  probable;    but   all 
thatcan  be  said  with  certainty  is  that  they  antedate 
the  last   advance  of  the  ice.     The   question  of  these 
gorges  has  a  very  important  bearing  upon  the  whole  sub- 
ject of  the  drainage  history  of  central   and  western 
New  Ydrk.     Were  the  gorges  due  to  the  interglacial  con- 
ditions or  to   an  uplift  of  preglacial  timeet 


FORMER  CONDITION  OF  THE  FINGER  LAKE  VALLEYS.     Mucth 
has  been  written  upon  the  origin  of  the  Finger  Lakes 
of  New  York.     There  is  uniformity  of  agreement  that 
thejr     represent  preglacial   valleys,    and  the  later  workers 
are   agreed  that  they  represent  preglacial   valleys   in  i 
some  of  which,    at   least,   the  streams  flowed  northward. 
There  is   a  further  agreement  that  they  have  been  trans- 
formed to  lakes   by  glacial   action,   though  there  is  no 
general   agreement   as  to  the  exact  cause  for  this  changeo 
It  seems  certain  that  at   least  Cayuga,   Seneca  and  the 
larger  valleys  to  the  west  of  these,   which  now  enter 
Lake  Ontario  through  the  Oswego,   had  a  more  direct 
notthward  course  in  preglacial  times.      As  early  as 
Hall  suggested  that,    prdor  to  the  formation  of  the  Gayuga 
marshes,   the  outflow  of  Lakes  (Jajiuga  and  Seneca  was   into 
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THE  Ontario  valley  through  Port  Bay.     North  of  the  Fin- 
ger  Lakes  there  is  a  broad  valley  transformed  to   a  bay, 
which  eeems  very  likely  to  be  the  preglacial  continua- 
tion of  one  or  several  of  these  valleys,   though  now 
choked  with  an  extensive  accumulation  of  drift,   some 
of  it  in  the  form  of  drumlins,   through  which  the  Seneca 
River  now  finds   it  s  way  in  a  winding  course.     This  re- 
gion is  so  drift-filled  in  places  that  there  is  no  sur- 
face sign  of  a  preglacial  valley. 

With  reference  to  the  cause  for  the  transformation 
of  the  north  south  valleys  to  lakes  there  are  two  oppos- 
ing explanations.     One. is  that  they  are  clogged  with 
drift,  the  other  is  that  they  are  gouged  out  by  ice  ero- 
sion.    In  all  probability  the  true  explanation  is  a  com- 
bination of  these  two.     The  erosion  theory,    as   a  partial 
explanation  of  the  depth  of  these  valleys,   was  proposed 
in  1892  by  Lincoln,    and  for  Lake  Cayuga  in  189^  by  myself 
The  conclusions  stated  in  my  earlier  paper  have  stood 
the  test  of  much  more  extended  studies,    so  that,   after 
seven  years,    I  am  even  more  fully  convinced  that  the  wo 
larger  lakes  owe  their  depth  below  tha  lake  surface   in 
large  measure  to  ice  erosion,    and  that  they  are  in  the 
nature  of  rock  basins.     Additional  facts  have  been  brought 
4>o  light  in  support  of  this  theory  and  none  opposed 
to   it.     The  only  modification  of  the  original  proposifc 
tion  is  that  coming  from  the  study  of  the  supposed 
interglacial  gorges;    and  since  these   are  not  now  fully 
understood, 
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it  is  impossible  at  present  to  state  just  what  this  modifica- 
tion will  be. 

Therefore,  the  explanation  which  I  shall  put  forward  for 
the  Finger  Lake  Valleys  is  that  there  existed  here  several 
north-flowing  streams,  occupying  preglacial  valleys,  some  of 
which  united  and  entered  the  Ontario  stream  somewhere 
north  of  Lakes  Cayuga  and  Seneca.  Without  doubt  some 
of  the  smaller  of  these  Finger  Lakes  have  been  formed  al- 
most, if  not  entirely,  by  glacial  deposits ;  but  the  two  largest 
have  their  origin  only  in  part  as  the  result  of  glacial  deposit. 
They  offered  broad  channel- ways,  along  which  the  ice  stream 
moved  much  more  easily  than  upon  the  neighboring  irregu- 
lar hilltops.  Not  only  was  the  movement  more  rapid,  but 
the  depth  of  the  ice  was  greater.  The  position  of  the  rocks, 
dipping  southward,  and  the  nature  of  the  friable  shales,  con- 
spired toward  rapid  erosion;  and  so  these  north  and  south 
preglacial  valleys  were  markedly  deepened. 

Evidence  of  this  comes  from  the  side  streams.     The  rock 
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Fi<;.  96.  View  of  the  Lake  Cayn^i  Valley  from  tin-  Cornell  Campus.  A  l»r<>a<l 
pre^larial  stream  valley  broadened  and  deepened  by  glacial  erosion  and  now 
occupied  by  a  lake. 
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bottoms  of  the  preglacial  valleys  of  these  tributary  streams 
are  not  now  below  the  level  of  the  lake  water  in  the  south- 
ern part  of  the  valley.  If  all  the  drift  could  be  removed 
and  the  streams  be  allowed  to  flow  along  the  line  of  the 
course  of  the  preglacial  valleys,  and  enter  the  valley  of  Lake 
Cayuga  as  it  now  stands,  excepting  that  it  be  robbed  of 
water,  they  would  tumble  between  three  and  four  hundred 
feet  in  a  distance  of  about  a  mile,  commencing  their  sudden 
descent  near  the  present  lake  margin,  a  most  unnatural  con- 
dition for  mature  tributaries  near  their  mouth. 

Another  fact  in  support  of  this  explanation,  clearly  seen 
since  the  paper  referred  to  was  published,  is  that,  if  the 
main  Cayuga  stream  flowed  at  the  level  of  the  present  lake 
bottom,  some  of  the  tributary  streams,  like  Fall  Creek,  must 
now  have  a  drift- filling  of  not  less  than  a  thousand  feet  at 
a  distance  of  three  miles  from  the  lake,  a  depth  of  drift 
hardly  to  be  expected,  and  greater  than  anything  anywhere 
known. 

THE  MOHAWK  KiVER.1 — Very  early,  possibly  as  far  back 
as  the  paleozoic  times,  the  Adirondack  Mountain  mass  evi- 
dently stood  as  a  highland  area,  shedding  water  in  several 
directions,  and  perhaps  radially  in  all  directions,  as  it  does 
now.  Some  of  these  streams,  flowing  northward  and  west- 
ward, entered  the  "  Laurentian  River,"  whose  course  deter- 
mined the  location  of  the  Ontario  Valley. 

Judging  from  the  geological  history  of  the  region,  it 
seems  exceedingly  improbable  that  the  Mohawk  then  had 
the  course  which  it  now  follows.  There  are  various  reasons 
for  believing  that  this  river  has  developed  its  present  course 
only  after  a  long  and  complex  history.  It  stands  now  as  a 
notable  topographic  feature,  a  trench  in  the  land  in  places 
over  fifteen  hundred  feet  deep  and  from  tweive  to  twenty 
miles  wide.2  And  it  offers  some  evidence  of  its  early  history. 


1  Vanuxeni,   Geol.   of    New   York,   3d    Dist.,  1842,  20-21;   203-211;    Dana,  Arner. 
Journ.  Sci.,  Ser.II,  XXXV,  1863,  243-249;  Barton,  New  York  State  Museum  Report,  47, 
1894,  603-623;  same,  Report  48,  Part  2,  1895,  33-53;    same,  Geol.  Survey  New  York, 
14th  Annual  Report,  1896,  33-56;  and,  particularly,  Brigham,  Bull.  Geol.  Soc.  Amer., 
IX,  1898,  183-210. 

2  Brigham,  Bull.  Geol.  Soc.  Amer.,  IX,  1898,  183-210. 
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According  to  Brigiiam,1  the  original  Mohawk  located  it- 
self on  the  southern  side  of  the  Adirondack  Mountain  mass, 
eating  westward  by  headwater  erosion  as  far  as  Little  Falls. 
It  was  essentially  a  monoclinal  valley,  following  the  bound- 
ary between  the  Paleozoic  and  massive  Archean  rocks.  An- 
other river,  flowing  westward  and  entering  the  Ontario  Val- 
ley, and  called  by  Brigiiam  the  Rome  River,  disputed  with 
the  Mohawk  for  territory  at  its  headwaters  near  Little  Falls. 

The  first  evidence  of  this  is  found  in  the  fact  that  the 
Mohawk  narrows  up  to  a  gorge  at  Little  Falls,  somewhat  as 
the  Allegheny  does  at  Thomson's  Gap  (p.  158),  while  west 
of  this  gorge  the  valley  again  broadens,  indicating  that  Lit- 
tle Falls  is  a  divide  region.  This  was  early  suggested  by 
Chamberlin 2  and  has  been  confirmed  by  the  careful  studies 
of  Brigiiam, :!  who  points  out  that  the  divide  was  determined 
by  faulting  at  Little  Falls,  as  a  result  of  which  the  more 
resistant  rocks  at  this  point  were  brought  up  nearer  the  sur- 
face than  elsewhere  in  the  valley.  The  proof  that  the  an- 
cient divide  was  here  is  so  clearly  suggested  by  the  topog- 
raphy that  it  has  occurred  to  many  travelers  in  passing 
through  the  Mohawk  on  the  railroad.  In  addition  to  the 
topographic  evidence  there  is  proof  similar  to  that  brought 
forward  by  Carll  for  the  Upper  Allegheny  (p.  159),  namely, 
well-borings  showing  that  the  rock  valley  bottom  west  of 
Little  Falls  slopes  westward,  although  the  stream  itself  is 
now  flowing  eastward  upon  drift  deposits.  The  rock  floor 
slopes  from  aii  elevation  of  376  feet,  at  Little  Falls  to  347  at 
Utica  and  2l2()  at  Sylvan  Beach  on  Oneida  Lake.  The  drift- 
filling  is  frequently  more  than  150  feet. 

The  Little  Falls  divide  was  lowered  somewhat  by  glacial 
erosion,  and  then  by  the  glacial  water  at  the  time  when  the 
Great  Lakes  were  forced  to  overflow  through  the  Mohawk 
Valley.  At  that  time,  while  the  divide  was  being  lowered 
by  water  action,  the,  headwaters  of  the  present  Mohawk  were 
being  filled  with  sand  and  gravel,  since  they  were  occupied 

1  Bull.  (MM. I.  Soc.  Anif-r..  IX.  is'.is,  L86. 

-  Third  Ann.    |kV|.t.   !".   S.  Qeol.   Survry.  362. 

Hull.  Ge«.l.  Soc.  Amer.,  IX,  1808,  IH.VJIO. 
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by  lake  waters  with  an  overflow  at  Little  Falls.  The  old 
divide  has  been  still  further  lowered  by  the  postglacial  cut- 
ting of  the  western  stream,  which  was  added  to  the  original 
preglacial  Mohawk. 

According  to  this  interpretation,  the  proof  of  which  seems 
complete,  the  falls  and  rapids  of  the  Mohawk,  which  have 
been  so  important  in  determining  the  sites  of  towns  and  in- 
dustries, have  been  caused,  first,  by  the  production  of  faults, 
probably  at  the  time  of  the  Appalachian  uplift,  which  raised 
the  harder  underlying  rocks,  so  that  they  have  served  as  a 
divide  because  of  their  greater  power  of  resistance;  and,  sec- 
ondly, by  the  influence  of  the  glacier  in  combining  two 
streams  flowing  in  opposite  directions  into  a  single  river,  the 
present  Mohawk,  causing  the  upper  part  to  flow  across  the 
old  divide.  This  glacial  accident  has  had  an  important  in- 
fluence upon  the  entire  history  of  New  York  State,  for,  by 
building  up  the  present  grade  of  the  Mohawk,  it  made  the 
project  of  the  construction  of  the  Erie  Canal  far  more  feas- 
ible and  less  expensive  than  it  would  have  been  had  it  been 
necessary  to  rise  over  the  divide  at  Little  Falls,  instead  of 
passing  down  a  fairly  uniform  and  moderate  slope,  mostly 
over  soft  glacial  and  lacustrine,  and  possibly,  in  part,  ma- 
rine deposits.1 

THE  HUDSON  RIVER. — The  Hudson  is  divisible  into  two 
quite  different  parts:  (1)  the  navigable  section,  from  its 
mouth  to  Troy,  which  is  in  reality  an  estuary  reached  by 
tide-water,  and  (2)  the  section  upstream  from  tide-water, 
where  it  is  a  small  but  normal  river,  often  interrupted  by 
falls  and  rapids.  In  these  respects  the  Hudson  is  like  all 
the  rivers  that  enter  the  ocean  in  the  northeastern  part  of 
the  continent,  excepting  that,  in  the  case  of  the  Hudson, 
the  estuarine  part  is  relatively  longer  and  narrower  than 
in  the  case  of  most  such  streams. 

It  takes  but  little  study  of  this  and  other  similar  valleys 
to  see  that  the  upstream  portion,  above  the  tidal  section, 
is  the  same  in  origin  as  the  part  occupied  by  the  tide. 

1  Taylor,  Amer.  Gcol.,  IX,  1892,  344;   Upham,  same,  410. 
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They  are  in  both  cases  valleys  of  erosion,  and  the  occu- 
pation of  a  part  of  the  valley  by  the  tide  water  is  due 
merely  to  the  sinking  of  the  land  which  has  allowed  the 
sea  to  enter  the  valley,  as  it  would  enter  any  land  valley 
of  the  present  if  the  land  level  should  sink  far  enough. 
The  valley  has  been  partly  drowned,  and  the  river  may  be 
said  to  be  a  drowned  river  near  its  mouth.  There  is  other 
evidence  than  that  of  the  laud  topography  that  this  is  the 
true  explanation. 

At  what  period  the  Hudson  River  began  its  course  is  not 
certain.  It  now  cuts  across  formations  of  different  kinds, 
some  of  them  representing  the  very  roots  of  planed-down 
mountains,  formed  as  far  back  as  the  Silurian  time  (p.  24). 
It  is  evident  that  the  river  did  not  originally  have  such  a 
course  as  to  have  allowed  it  to  cut  diagonally  across  these 
mountain  chains.  Professor  Davis1  believes  that  the  Hud- 
son valley  lowland,  which  lies  on  either  side  of  the  narrow 
trench  now  occupied  by  the  river,  was  excavated  during  the 
Tertiary  times,  being  begun  upon  a  broad  peneplain  of  Ju- 
ratrias- Cretaceous  origin,  and  hence  having  its  course  deter- 
mined by  the  irregularities  of  this  plain,  rather  than  by  the 
attitude  of  the  markedly  folded  rocks  out  of  which  the  pene- 
plain had  been  formed  by  long  denudation. 

An  alternative  view  is  that  a  broad  lowland  which  had 
been  formed  here  in  the  course  of  time  was  then  submerged 
beneath  the  sea,  either  in  Triassic  or  Cretaceous  times,  and 
later,  being  raised  to  form  dry  land,  was  occupied  by  a  river 
whose  course  was  determined  by  the  deposits  made  in  the 
arm  of  the  sea.  Such  a  river  course,  which  would  be  said 
to  be  a  superimposed  course,  would  not  necessarily  be  in 
accord  with  the  attitude  of  the  rocks,  but  might  readily 
cross  mountain  folds.  No  proof  of  either  of  these  hypoth- 
eses has  been  brought  forward,  and  they  therefore  can  In- 
offered  merely  as  suggestions  as  to  the  possible  cause  for 
the  present  location  of  the  Hudson ;  and  it  should  be  stated, 
furthermore,  that  these  two  suggestions  do  not  exhaust  the 
number  of  possible  hypotheses. 

1  Proc.  Boston  Soc,  Nat.  Hist.,  XXV,  1892,  318-:;:;;i. 
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Whatever  the  origin  of  this  peculiar  course,  the  Hudson 
seems  to  have  begun  the  formation  of  the  prominent  fea- 
tures of  its  present  valley  in  the  Tertiary  time,  when  the 
land  was  uplifted  before  the  glacial  period.  Since  this  up- 
lift was  greater  in  the  north  than  in  the  south,  the  valley 
was  cut  more  deeply  in  the  north ;  and  where  the  rocks  are 
soft,  as  above  Newburgh,  the  valley  is  wide,  while  where 
they  are  harder  it  is  narrow.1  As  a  result  of  late  Tertiary, 
or  possibly  post-Tertiary,  uplift  and  erosion,  the  river  has 
cut  a  trench  in  its  lowland  a  mile  or  more  in  width  and  of 
unknown  depth.  This  trench,  or  gorge,  is  the  valley  of  the 
Hudson  which  one  sees  in  passing  up  the  river ;  but  to  see 
its  real  relation  to  the  broader  valley  one  must  leave  the 
gorge  and  look  across  the  valley  from  the  high  ground  at 
one  side,  as,  for  instance,  from  the  eastern  slopes  of  the 
Catskills  (Fig.  97).  The  Hudson  Valley  is  then  seen  to  be 
a  double  valley,  very  broad  and  gently  sloping  for  the  most 
part,  and  traversed  by  a  narrow  trench  cut  in  the  bottom  of 
the  broad  valley  lowland. 

This  inner,  later  gorge  valley  of  the  Hudson  is  of  marked 
interest.  It  is  up  this  that  the  tidewater  extends,  and  there- 
fore its  bottom  is  now  below  sea -level.  Since  the  gorge  is 
the  result  of  carving  by  river  water,  it  is  evident  that  the 
river  trench  was  cut  at  a  time  when  the  land  was  higher 
above  sea-level  than  at  present.  This  being  so,  one  would 
expect  to  find  a  continuation  of  the  valley  beyond  the  pres- 
ent coast  line  along  the  sea- bottom  plain  of  the  continental 
shelf.  As  has  been  shown  by  Lindenkohl,2  there  is  a  chan- 
nel extending  to  a  distance  of  105  miles  from  New  York, 
having  a  width  of  a  mile  or  two  and  a  depth  of  2,400  feet. 
It  reaches  to  the  very  edge  of  the  continental  shelf,  where 

1  These  statements  are  based  upon  Professor  Davis'  discussion  of  the  valley, 
Proc.  Boston  Soc.  Nat,  Hist.,  XXV,  1892,  318-335.  See  also  Davis,  Bull.  Geol.  Soc. 
Amer.,  II,  1891,  570-571. 

United  States  Coast  Survey,  Annual  Rept.  for  1884,  435-438  (this  channel  is 
mentioned  by  Newberry,  Annals  New  York  Lyceum  Nat.  Hist.,  IX,  1870,  221;  and  also 
Popular  Sci.  Monthly,  XIII,  1878,  641-6G6) ;  same,  Amer.  Journ.  Sci.,  Ser.  Ill,  XXIX, 
•85,  475-480;  same,  XLI,  1891,  489-499;  Dana,  Amer.  Jourc.  Sci.  Ser.,  Ill,  XL,  1890, 
425-437;  Upham,  Bull.  Geol.  Soc.  Amer.,  I,  1890.  563-567;  same,  Proc.  Amer.  Assoc. 
Adv.  Sci.,  XLI,  1892,  171-173. 
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it  is  indicated  by  a  deep  and  rather  narrow  gorge.  Then- 
are  similar  drowned  river  valleys  off  the  New  England  coast, 
and  near  the  mouth  of  the  St.  Lawrence,  indicating  a  for- 
mer general  elevation  of  the  northeastern  part  of  the  conti- 
nent. 

During  the  time  of  the  formation  of  this  submerged 
valley,  the  Hudson  must  have  received  as  tributaries  some 
of  the  rivers  of  New  Jersey  and  Connecticut  which  nmv 
enter  the  sea  independently,  and  it  may  possibly  have  re- 
ceived the  Connecticut  itself.  So  the  drowning  of  a  portion 
of  the  land  has  dissected  a  stream  system  in  its  lower 
portion. 

During  the  glacial  period,  the  broad  Hudson  valley 
lowland  was  scoured  by  ice  erosion,  for  it  formed  a  trough 
down  which  the  ice  could  easily  move.  Also,  when  the 
ice  left  the  region,  the  land  stood  lower  than  at  present, 
and  the  sea  extended  through  the  Hudson  to  the  St.  Law- 
rence by  way  of  the  Lake  Champlain  Valley,  thus  making 
New  England  an  island.  The  evidence  of  this  is  abundant 
and  conclusive,  for  the  valleys  of  the  St.  Lawrence,  Lake 
Champlain,  and  the  Hudson,  contain  clay  deposits,  often 
bearing  marine  fossils;  and  there  are  river  deltas  on  the 
valley  sides  opposite  the  mouths  of  the  streams.1  The 
sea  reached  up  the  valley  of  the  Mohawk,  and  some  think 
that  it  passed  even  over  the  divide  at  Little  Falls,  as  far 
as  Lake  Ontario,  making  the  Adirondacks  also  an  island. 
In  some  parts  of  the  valley  the  deposits  do  not  con- 
tain marine  fossils;  but  this  cannot  be  taken  as  evidence 
against  marine  origin,  for  the  water  may  well  have  been 


'Hale,  Amer.  Journ.  Sci.,  Ill,  1821,72-7.'!;   Finch,   same,   X,   1S2H.  227-2:>;    M 
Geol.  of  New  York,  1st  Dist.,  184:;,  129-150;   Emmons,   same,  2<1   l>isf..    isi'J,    rJlML'7; 

Ramsay,  Quart.  Journ.  Geol.  Soc.,  XV,   ]<W>,  L'll-L'12;   Hitch k.  (i.-..|.  ,>f  Vermmit, 

Vol.  I,  1801,  152-191;  same,  Proc.  Amor.  A.8SOO.  Adv.  Sci..  MX,  ]>7i>.  17&-181; 
Dwight,  Trans.  Vassar  Bros.  Inst.,  Ill,  1884-5,  80- :t7;  .Merrill.  Amer.  Journ.  Sol.,  SIT. 
Ill,  XLI,  4GO-4GG;  Davis,  Proc.  Boston  Soc.  N.-it.  MM.,  XXV.  I.-'.H  92,  318  336;  Biea, 
10th  Kept.  New  York  Geological  Survey.  IH'.IO,  110-I.V>;  same.  Trims.  New  Y"rk  .\.-:ul. 
Sci.,  XI,  1891,  33-39;  Turner,  Bull.  Phil.  Soc.  "f  Washiii-ti.M.  XI.  1>'.'I.  ::-:,  i|n; 
Taylor,  Amer.  Geol.,  IX,  1892,  ::it;  rpham,  same,  lli);  harmii.  New  \..rU  State 
Museum  Report,  17,  IS'.M,  t.Vt-J, ',:>;  N'ason,  same,  l.'iii-lii.s;  Hri^ham.  I'.ull.  Qeol.  Boo. 
Amer.,  IX,  1898,  183-210. 
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freshened   by  the   addition  of  large   quantities   of  ice -fur- 
nished water. 

According  to  Merrill,  the  depression  was  greater  in  the 
north  than  in  the  south,  amounting  to  340  feet  near  Albany, 
and  about  80  feet  near  New  York ;  and  this  conclusion  is  in 

harmony  with  the  evi- 
dence from  other  sec- 
tions of  the  country. 
The  reasons  for  the 
difference  in  elevation 
of  the  beaches  and 
deltas  of  the  Hudson 
Valley,  as  elsewhere  on 
the  continent,  is  that 
the  postglacial  uplift 
which  has  raised  the  de- 
posits above  the  sea  has 
been  greater  in  the  north 
than  in  the  south. 


FIG'.  99.  Map  of  submerged  Hudson  River 
Valley  on  coastal  shelf  off  New  York 
(after  Dana). 


OTHER  RIVERS. — Little  else  has  been  written  about  the 
rivers  of  New  York;  but  there  are  some  points  of  interest 
in  the  articles  mentioned  below.  Enamons1  describes  Glens 
Falls,  and,  in  the  same  report,  briefly  discusses  other  rivers 
in  his  district,  as  do  also  Hall,  Vanuxem  and  Mather  in 
their  reports  on  the  geology  of  New  York  State.  An  inter- 
esting case  of  glacial  diversion  in  the  Bronx  River  is  de- 
scribed by  Kemp,2  who  has  also  explained  some  of  the  val- 
leys of  the  Adirondacks.3 

As  shown  by  Darton,4  the  headwaters  of  the  Kaaters  Kill 
and  Plaaters  Kill  in  the  Catskills  are  exceedingly  peculiar. 
The  tributaries  enter  in  barbed  fashion,  pointing  up  stream, 
instead  of  down  stream,  as  they  should  normally.  It  looks 
as  if  they  were  tributaries  to  a  west-flowing  stream,  instead 

1  Emtnons,  Geol.  of  New  York,  2nd  Dist.,  1842,  188. 

-  Trans.  New  York  Acad.  Sci.,  1896,  18.  See  also  Britton,  Trans.  New  York  Acad. 
Sci.,  I,  1882,  181-183,  and  Brigham,  Amer.  Geol.,  XXI,  1898,  219-222. 

3  Bull.  Geol.  Soc.  Amer.,  VIII,  1892,  408-413. 

4  Bull.  Geol.  Soc.  Amer.,  VII,  1896,  505-507.    See  also  Julien,  Trans.  New  York 
Acad.  Sci.,  I,  1881,  24-27. 
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of  an  east-flowing  one ;  and  Barton's  suggestion  is  that  they 
originally  did  flow  westward  into  a  stream  which  tin-  Kaaters 
Kill  and  Plaaters  Kill  have  been  beheading  by  headwater 
erosion.  This  river  capture  of  headwaters  may  well  be  ex- 
pected here,  for  the  Kaaters  Kill  and  Plaaters  Kill  have 
steep,  short  slopes  to  tidewater,  while  the  streams  with  which 
they  are  in  eombat  have  a  longer  and  less  steep  slope.  It  is 
one  of  the  best  eases  of  headwater  conquest  so  far  presented. 
Lewis1  points  out  that  the  short  streams  on  the  southern 
side  of  the  Long  Island  moraine,  where  they  flow  over  the 
overwash  gravel  plains,  have  steep  banks  on  the.  western 
side  and  flow  in  a  direction  slightly  south  of  west.  A  simi- 
lar condition  has  been  shown  to  exist  elsewhere  where  rivers 
are  flowing  in  shallow  trenches  which  they  have  cut  in  soft 
deposits,  and  the  peculiarity  has  been  explained  by  the  de- 
flective effect  of  the  earth's  rotation,  which,  in  the  northern 
hemisphere,  tends  to  turn  moving  bodies  to  the  right.  Lewis 
applies  his  explanation  to  the  courses  of  the  Long  Islai.d 
streams,  and  (filbert,2  after  considering  the  question,  accepts 
Lewis'  explanation. 

CAVERNS. — During  the  course  of  stream  development,  in 
a  region  of  limestone  rocks,  some  of  the  drainage,  finding 
its  way  underground,  dissolves  the  limestone  and  carves  un- 
derground channels,  which  in  some  cases  become  true  un- 
derground streams,  possibly  miles  in  length.  Nowhere  in 
New  York  is  the  development  of  limestone  beds  sulliciently 
great  for  the  formation  of  extensive  underground  courses; 
but  there  are  some  limestone  beds,  and  in  these  one  would 
expect  to  find  such  drainage. 

The  caverns  so  formed  are  naturally  superficial,  for  the 
flow  of  water  in  them  is  determined  by  the  level  of  the  out- 
flow, which  itself  is  governed  by  the  surface  streams.  Nat- 
urally, then,  some  of  the  underground  channels  have  been 
destroyed  by  erosion  in  the  glaciated  region.  Others  have 
no  doubt  had  their  inlets  or  places  of  outflow  eloped  wilh 


1  AnuT.Jouri).  Sci.,S,  r.   III.   XIII.   IsTT.  LM.VL'K,. 
a  Ain.-r.  .l.i.mi.  Sci.,  Ser.  III.  XXVII.  1884,  i:1. 


192  The   Physical    Geography   of  Neiv    York   State 

drift,  so  that  they  are  not  easily  seen;  and  still  others,  as 
in  any  limestone  region,  have  not  yet  been  discovered.  But 
a  few  such  underground  channels,  such  as  Howe's  Cave, 
have  been  found  and  are  visited.1  They  are  not  highly  or- 
namented by  stalactites  and  stalagmites,  and  do  not  com- 
pare in  importance  with  the  caves  in  other  regions  of  the 
United  States,  where  limestone  strata  are  extensively  devel- 
oped. In  the  limestone  regions  of  New  York  there  are 
numerous  springs,  some  of  them  of  large  size  and  marked 
permanence,  coming,  undoubtedly,  from  underground  chan- 
nels—  in  other  words,  caverns. 


1  See,  for  instance,  Shepard,  Amer.  Journ.  Sci.,  XXVII,  1835,  368-370;  Gebhard, 
same,  XXVIII,  1835,  172-177;  Mather,  Geol.  of  New  York,  1st  Dist.,  1843,  109-113, 
637;  Eggleston,  Amer.  Journ.  Sci.,  Ser.  II,  I,  1846,  434-435. 


CHAPTER  VI 

LAKES    AND    SWAMPS 

ORIGIN. — A  lake  may  be  defined  as  a  basin-shaped  <!••- 
pression  on  the  land,  more  or  less  completely  filled  with 
water.  A  depression  along  the  seashore,  and  partly  con- 
nected with  the  ocean,  is  not  commonly  considered  a  lake, 
though  when  disconnected  by  the  growth  of  a  sandbar,  such 
a  body  of  water  is  often,  and  very  properly,  known  as  a 
pond  or  lake.  Between  pond  and  lake  neither  a  popular 
nor  a  scientific  distinction  can  be  drawn,  though,  speaking- 
very  generally,  the  smaller  bodies  are  ponds,  the  larger 
lakes. 

A  basin-shaped -depression  in  the  land  surface  is  not  a 
common  production  of  the  action  of  running  water  alone, 
although  small  basins  of  this  origin  are  actually  produced. 
For  instance,  a  stream  flowing  over  soluble  rock,  as  limr- 
stone,  very  frequently  dissolves  tiny  basins  in  that  part  of 
the  stream-bed  where  the  rock  material  is  most  soluble. 
Again,  the  water  at  the  base  of  a  cataract  frequently  exca- 
vates a  basin  in  which  a  deep  pool  stands,  and  this,  with  a 
change  in* direction  of  the  river,  or  its  removal  for  any  other 
cause,  may  become  a  pond.  (See  p.  'Jin;. ) 

Speaking  generally,  and  bearing  in  mind  such  minor  ex- 
ceptions as  these,  it  may  be  said  that  lake  basins  are  rarely 
carved  by  the  water  that  occupies  them.  NYvrrthelo.-.,  lake- 
may  be  considered  to  be  part  sol'  rivers  where  1  orally,  for  some 
cause,  the  normal  slope  of  the  river-bed  has  been  changed 
to  a  concave  surface.  There  is  such  an  ex< dingly  com- 
plex series  of  causes  for  these  l>a>ins  that  at  lir-t  thought 
they  would  seem  to  defy  an  attempt  at  rlas-ilicat  i.»n.  One 
of  the  best  attempts  at  such  a  classification  is  that  by  Da\ 
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in  which  origin  is  used  as  a  basis.  In  his  paper  the  general 
subject  of  the  origin  of  lakes  is  discussed,  and  numerous 
instances  cited  for  the  various  classes.  In  a  later  note1  Da- 
vis proposed  to  substitute  another  basis  for  lake  classifica- 
tion, considering  them  as  parts  of  rivers  changed  to  basins 
either  as  a  result  of  accident  or  in  the  course  of  normal 
river  development.  It  is  that  idea  of  Professor  Davis  which 
is  followed  in  this  brief  consideration  of  New  York  lakes.2 

ORIGINAL  CONSEQUENT  LAKES.— On  any  new  land  surface, 
of  whatever  origin,  basin- shaped  depressions  may  exist.  If 
the  water  supply  were  sufficient,  lakes  would  fill  the  depres- 
sions, and  these,  being  consequent  on  the  initial  or  original 
topography,  may  be  called  original  consequent  lakes.  For 
instance,  the  deposits  that  are  now  being  made  upon  the  sea- 
bottom  are  not  being  laid  down  with  perfect  uniformity,  so 
that  numerous  basins  exist  there.  Illustrations  of  such  ba- 
sins are  found  in  large  numbers  in  the  lakes  of  the  Florida 
Everglades  region,3  which  is  a  raised  sea-bottom.  There 
are  now  no  instances  of  this  class  in  New  York,  though 
when  the  plains  were  raised  at  the  close  of  the  Paleozoic, 
there  must  have  been  such  depressions. 

Very  similar  to  these  basins  are  those  formed  on  the  beds 
of  lakes  by  irregularity  of  the  sediment  deposit.  When  for 
any  reason  the  lake  waters  recede,  these  basins  become  in- 
dependent lakes.  There  is  a  rim  of  old  lake-bottom  around 
the  shores  of  Lakes  Erie  and  Ontario,  in  which  there  are 
numerous  ponds  and  lakes,  some  of  which  doubtless  occupy 
original  consequent  basins  in  the  constructional  lake-bottom 
topography. 

A  surface  constructed  by  any  other  means  may  possess 
original  irregularities.  For  example,  the  surface  of  a  lava- 
flow  may  be  irregular,  though  of  this  class  no  examples 
would  be  expected  in  New  York.  They  abound,  however, 

1  Science,  X,  1887,  142. 

2  For  an  excellent  discussion  of  lakes  see  Russell,  Lakes  of  North  America,  Giim 
&  Co.,  1895. 

3  This  is  one  interpretation  of  the  Florida  lakes  and  swamps;  another  is  that  they 
are  sink-holes  caused  by  solution  of  limestone.     In  all  probability  both  explanations 
:q>ply  in  different  cases. 
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in  regions  where  lava-flows  have  recently  occurred. 
not  uncommonly  gather  in  the  crater-shaped  depressions 
amidst  the  sand-dunes,  as  along  the  Long  Island  shore.  We 
find  abundant  illustrations  of  original  consequent  lakes  in  the 
depressions  existing  in  heds  of  till,  or  moraine,  or  stratiiied 
gravel,1  or  other  deposits  which  have  resulted  directly  or  iu- 


FlG.   102.     Ox-bow-cut-off  Lake  in  ronn.-cti<Mit  Vallt-y,  Ni.rili:inijpii>n. 

directly  from  the  glacial  invasion.  Still  another  class  of 
original  consequent  lake  is  that  which  must  have  existed  on 
the  surface  of  the  ice  itself  when  it  covered  the  State. 
These  temporary  ice-surface  lakes  are  common  <>n  the 
Greenland  ice-sheet  to-day. 

LAKES  OF  N<>I;MAI.  1  >i:\  I.I.<>I'MI:NT.  —  My  these  are  meant 
the  lakes  which  are  formed  in  the  course  and  as  the  result 
of  the  normal  development  of  river-.  Two  instances  ol 
these  have  been  mentioned  above  i  p.  I!-1.'!);  and  another, 
similar  to  them  because  of  its  direct  relation  to  the  existing 
stream-bed,  is  the  tiny  basin  so  often  caused  by  irregularity 


Fam-lnM.  Joum.   Geol..    VI.    IMIS.  >!i   . 


196  The   Physical    Geography   of  New    York   State 

of  deposit  in  the  stream-bed.  One  sees  these  particularly 
well  illustrated  in  semi- arid  regions,  as  in  central  Texas, 
where,  during  the  dry  season,  the  stream-bed  becomes  trans- 
formed to  a  series  of  dry  bars  with  ponds  between.  So 
marked  is  this  feature  that  it  has  come  to  be  symbolized  on 
the  topographic  maps,  where  such  intermittent  streams  are 
marked  by  a  dotted  line. 

A  larger  illustration  of  lakes  of  normal  development  may 
be  found  upon  floodplains.  Such  a  plain  is  the  direct  result 
of  the  normal  development  of  a  river,  and  in  the  course  of 
its  formation  the  stream  that  builds  it  meanders  about  over 


FIG.  103.    Pond  formed  by  irregular  growth  of  a   delta,  Ludlowville,  N.  Y. 
(C.  S.  Downes,  photographer). 

it,  frequently  abandoning  one  curve  and  commencing  an- 
other.    Thus  a  new  channel  is  carved  in  the  floodplain, 
while  the  old  channel,  being  separated  from  the  main  stream 
by  river  floodplain  deposit,  then  becomes  a  true  lake.     Such 
lakes  are  strikingly  developed  on  the  Mississippi  River  flood- 
plain(Figs.  100  and  101) ,  where,  in  some  cases,  they  have  the 
shape  of  perfect  meanders  or  ox- bow  curves.     When  cut  off 
by  a  change  in  the  river,  they  are  known  as  ox-bow-cut-off 
102).     On  the  floodplains  of  many  of  the  large 
small  streams  in  New  York  this  class  of  lake  is  well 
llustrated  by  linear  ponds  in  which  all  stages  of  separation 
from  the  main  stream  are  illustrated. 
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FIG.  105.     A  bar  shutting  in  a  pond,  Grand  Manan. 

Where  streams  have  built  deltas  the  irregular  growth  of 
the  delta  front,  combined  with  the  action  of  waves,  often 
forms  ponds  or  lakes.  These  are  admirably  illustrated  on 
the  growing  Mississippi  Delta  by  some  of  the  large  lakes 
which  are  entirely  inclosed,  and  by  some  of  the  arms  of  the 
sea  which  are  partly  inclosed.  The  same  cause  operates  in 
the  growth  of  lake  deltas,  and  ponds  of  this  type  are  com- 
mon on  the  deltas  which  are  being  built  in  the  New  York 
lakes  (Fig.  103). 

By  the  steady  deposit  of  sediment  in  river  courses, 
lakes  and  lake-like  expanses  may  be  often  caused.  As  an 
instance,  the  Mississippi  River,  above  the  mouth  of  the 
Chippewa  River,  is  transformed  to  a  quiet  body  of  water 
known  as  Lake  Pepin.  This  quiet  stretch,  which  is  called 
a  lake,  is  the  result  of  a  partial  dam  built  from  the  sedi- 
ment brought  down  by  the  Chippewa  and  deposited  in 
tho  current  of  the  Mississippi,  which  was  unable  to  carry 
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it  further.  Tiny  illustrations  of  this  same  condition  are 
found  in  New  York. 

The  growth  of  sand-  and  gravel -bars  across  bays  at 
the  mouths  of  small  streams  often  transforms  them  to 
true  lakes.  One  may  see  numerous  illustrations  of  this 
along  the  shores  of  Lakes  Ontario  and  Eric,  and  also  along 
the  Long  Island  coast.  Here  there  is  every  gradation 
between  the  open  bay  and  the  lake  due  to  the  complete 
closure  of  the  bay  by  sandbars  (Figs.  104  and  10.")). 

In  the  course  of  the  normal  developmenl  of  certain 
streams  that  are  peculiarly  located,  the  drainage  may  be- 
come underground  (p.  191) .  This  is  particularly  liable  to  !>.• 
the  case  in  limestone  regions  where  the  water  dissolves  an 
underground  channel  for  itself.  In  places  the  solution 
causes  a  settling  of  the  surface,  forming  sink-holes  (Fig.  loii) 
in  which  lakes  often  gather  (Fig.  107).  The  removal  of  any 
soluble  substance,  as  salt,  may  cause  the  same  kind  of 
basin.  While  lake  basins  of  solution  origin  are  very  com- 


Fio.  100.     A  sink  hole  in  the 


region  of  Krutm-ky. 


mon    in   places,   few  have    been    discovered    in    New    York. 
There  are   illustrations  of   this  class  of   basin    near 
Springs  on   the  shore  of    Lake  C.-miga. 

LAKES   Dri-:   TO   ACCIDENT.  —  One   of    the    nio-i    c 
ways   in  which    river   slopes    have    been    locally   changed    to 
basins    is    by    the    development    of    a    dam    across    a    river 
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course. 

dams  are  com- 
monly due  to 
some  accident 
by  which  the 
normal  devel- 
opment of  the 
river  has  been 
interrupted. 
For  instance, 
the  early  set- 
tlers of  New 
York  found 
hundreds  of 
these  ponds 
and  swamps 
caused  by  the 
dams  thrown 
across  small 
streams  by 
beavers.  Some 
of  these  still 
exist,  and  in 
parts  of  the 
continent,  as 
in  Canada  and 
the  Rocky 
Mountains, 
these  interest- 
ing animals  are 
even  at  pre- 
sent building 
their  dams. 

A  landslide  or  an  avalanche  may  obstruct  a  stream 
course  and  transform  it  to  a  lake.  Among  lofty  mountains, 
as  in  the  Alps  or  Himalayas,  vast  dams  of  fallen  rock  have 
formed  good -sized  lakes,  and  in  New  York  there  are  also 
instances  of  the  same  kind  of  basin,  though  very  much 


FIG.  107.     Ponds  in  sink-holes  near  Dodge  City,  Kansas 
(United  States  Geological  Survey,  Dodge  sheet). 
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smaller.1  Many  of  the  landslip  dams  of  New  York  have 
been  formed  where  a  stream,  eating  at  the  base  of  a  bank 
of  glacial  till,  has  caused  a  slide  to  occur,  which  has  tem- 
porarily transformed  the  stream  to  a  pond  above  the  dam. 

The  movement  of  the  earth's  crust  during  mountain 
building  oftentimes  throws  insurmountable  barriers  a<-n>— 
stream  courses.  As  a  mountain  chain  rises  higher  and 
higher,  it  may  so  interfere  with  the  drainage  as  to  turn 
the  streams  far  out  of  their  original  courses.  Among  moun- 
tains of  recent  growth,  lake  basins  due  to  this  cause  have 
been  discovered,  and  still  other  illustrations  are  found  in 
basins  that  have  been  drained.  Doubtless  lakes  of  this 
sort  developed  in  the  course  of  the  formation  of  the  moun- 
tains of  eastern  New  York;  but  this  was  so  long  ago,  and 
has  been  succeeded  by  such  a  complex  series  of  changes, 
that  every  evidence  of  their  existence  has  been  erased. 

To  form  lake  basins  by  crustal  movement  does  not 
necessarily  call  for  the  growth  of  a  mountain  chain;  a 
gentle  warping  of  the  crust  may  cause  a  broad  hollow. 
Also,  with  a  stream  sloping  moderately  in  a  given  direction, 
let  us  suppose  northward,  an  elevation  or  tilting  of  tin- 
land,  slightly  greater  in  the  north  than  in  the  south,  may 
transform  the  stream  valley  to  a  lake  basin.  It  seems 
certain  that  such  lakes  as  Champlain  and  the  (Jreat  Lakes 
owe  at  least  a  part  of  their  present  basin  form  to  great 
crustal  movements,  of  which  there  is  excellent  evidence, 

But  by  far  the  greater  number  of  the  thousands  of 
lakes  dotting  the  surface  of  New  York,  and  northea>teni 
America  in  general,  have  come  into  existence  as  the  ivMilt 
of  glacial  accidents.  In  numerous  ways  the  ice  has  been 
responsible  for  lakes.  For  instance,  when  the  ice  was 
withdrawing  from  New  York,  it  obstructed  and  dammed 
most  of  the  north- flowing  streams  (p.  I-'M).  Since  many 
of  the  New  York  streams  are  north-flowing,  thi*  caused  Hie 
development  of  numerous  temporary  lakes  held  behind  tin- 
ice  dam.  The  evidence  ,,f  these,  in  Ilie  form  of  shore  lines 


Mather.  Geol.  Survey  NYw  Fork,  Isl   Dlst.,  1843,  32-37;  ItwiL-l.t.  Am 

Journ.  Sri.,  Str.  II,  XLI,  Ihtii;,  U-i:.. 
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and  deltas  clinging  to  the  hillsides,  is  found  in  various 
parts  of  the  State.  Even  in  some  of  the  south-flowing 
streams  there  is  evidence  of  similar  conditions;  for,  as  in 
the  case  of  the  Alleghany,  some  streams  that  originally 
flowed  northward,  were  held  in  the  form  of  lakes  for  a 
long  enough  period  to  cut  new  channels  at  the  outlet  and 
thus  reverse  the  streams.  By  far  the  most  marked  evi- 
dence of  these  glacial  lakes  is  found  around  the  shores  of 
the  Great  Lakes  (Chapter  VIII),  which  were  raised  by  ice 
dams  until  they  covered  large  areas  that  are  now  dry 
land,  and  found  outlets  quite  different  from  those  at  present 
occupied. 

As  the  result  of  glacial  deposit,  scores  of  thousands  of 
lakes  have  been  caused  in  North  America.  Before  the  ice 
came,  there  existed  valleys  occupied  by  streams.  These 
were  then  buried  beneath  the  ice  and  more  or  less  com- 
pletely filled  with  glacial  deposit,  so  that,  instead  of  re- 
taining the  original  regular  slope  of  the  preglacial  valleys, 
the  drift- filled  valleys  were  frequently  irregular,  with  numer- 
ous basins.  In  these,  lakes,  ponds  and  swamps  now  exist. 


A  group  of   glacial   lakes   in   the  Adirondacks    (S.  R.  Stoddard, 
photographer) . 

There  are  many  different  kinds  of  lakes  resulting  from 

'lacial  deposit.     In  some  cases  morainic  dams  have  been 

across   streams.     Again,  the  dams  are  drumlins,  or 
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eskers,  or  sandplains,  or  kames.  As  a  result  of  some 
variation  in  supply,  a  greater  load  is  deposited  in  one 
place  than  in  another,  and  then  of  course  a  dam  result-. 


FlG.   101).     Marl  bed  of  a  nearly  dried-up  )>">inl    in  a    keltic  in  the  moraine  near 
Cortland,  N.  Y.  (C.  S.  Downes,  photographer.) 

There  is  an  almost  infinite  variety  of  possibilities  here,  and 
even  careful  study  in  the  field  will  not  always  discover  tin- 
exact  reason  for  such  dams.  To  this  class  of  lakes  belong 
many  of  those  that  beautify  the  scenery  of  the  Adiron- 
dack's1 (Fig.  108). 

As  has  been  stated  above  (p.  1!).")),  in  the  irregularities 
of  the  glacial  deposits  themselves,  which  may  be  considered 
to  constitute  new  land,  numerous  lakes  of  original  conse- 
quent origin  are  found.  The  most  abundant  of  these  are 
the  ponds  in  the  morainic  kettles  (Figs.  <i4,  (••">  and  1l»!h; 
but  V«TV  often  kettles  in  the  strati  lied  drift  deposits --the 
kames,  sandplains  and  overwash  plains  —  are  also  round 
occupied  by  such  ponds.  In  these  sections,  however,  then- 
are  far  more  basins  than  lakes,  for  frequently  the  basin- 
liave  so  small  a  drainage  area  to  supply  the  water,  or 
else  are  located  upon  so  permeable  a  deposit  of  sand  and 
gravel,  into  which  the  water  readily  sinks,  that  the  basin- 
cannot  be  filled  to  overflow  (  Fiir.  liiih. 


1  In  a  recently  published  paper.  Kemp  (I'.nll.  L'l.  New  York  Stati    Mi   .  -nm  i  pmv. 
that  Lake  Placid  is  held  in  l>y  a  moraine  dam.  while  nthei  lakes  n,  ar  \<\    are  in 

kettles  in  the  moraine. 
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Another  way  in  which  the  ice  has  been  responsible  for 
lake  basins  is  by  the  erosive  action  of  the  glacier  itself. 
Running  water  will  maintain  a  fairly  uniform  slope,  because 
of  its  liquidity;  but  rigid  ice  does  not  follow  exactly  the 
same  laws.  Either  where  the  rock  is  softer,  or  the  erosive 
power  of  the  ice  greater,  a  glacier  may  locally  excavate  more 
rapidly  than  elsewhere,  and  thus  form  a  lake  basin  due  to 
glacial  erosion.  Of  these  basins  numerous  instances  have 
been  found  among  mountains  and  in  Greenland,  where 
they  abound.  Doubtless  in  the  State  of  New  York  there 
are  many  basins  which  are  either  entirely  or  partly  caused 
by  this  erosive  action.  It  is  my  belief  that  the  basins  of 
Lakes  Cayuga  and  Seneca,  and  probably  also  Ontario,  are 
in  part  due  to  glacial  erosion  (see  pp.  151  and  179). 

SPECIFIC  INSTANCES. — So  little  study  has  been  given  to 
the  origin  of  New  York  lakes  that  in  most  cases  it  is  possi- 
ble to  make  only  such  general  statements  as  those  above. 

The  Great  Lakes,  about  which  so  much  has  been  written, 
are  discussed  in  Chapters  VII  and  VIII,  so  that  for  the 
present  it  will  suffice  to  state  that  their  origin  is  apparently 
complex.  Pre-existing  valleys  have  been  dammed  by  glacial 
deposit ;  these  valleys  have  in  some  cases  been  deepened 
by  glacial  erosion,  and  the  lake  form  and  depth  have  been 
essentially  modified  by  the  tilting  of  the  land.  It  is  quite 
generally  agreed  that  these  causes  combine  to  account  for 
the  Great  Lakes,  although  the  relative  importance  of  one 
or  the  other  of  the  causes  is  not  agreed  upon. 

Chautauqua  Lake  is  very  shallow  and  is  partly  filled  by 
stream  deposits;  its  outflow  at  present  is  toward  the  south. 
The  depth  of  the  drift-filling  is  not  known,  but,  judging  by 
the  depth  of  the  drift  in  other  valleys  in  this  section,  it  must 
be  great.  While  it  cannot  be  considered  established,  there 
is  some  topographic  evidence  in  favor  of  the  view  that  at 
least  the  northern  end  of  the  Chautauqua  Valley  was  in  pre- 
glacial  times  tributary  to  the  Lake  Erie  Valley,  the  cause  of 
the  diversion  being  an  extensive  morainic  deposit  across  this 
valley.  There  is  a  constriction  of  the  valley  near  the  mid- 
dle of  the  lake,  which  suggests  that  this  may  have  been  the 
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preglacial  divide.  If  this  view  be  true,  Chautauqua  Lak<-  i< 
made  up  of  parts  of  two  valleys,  one  north-sloping,  tin-  other 
south-sloping,  and  each  dammed  by  heavy  morainic  accumu- 
lations. 

In  central  New  York  are  a  series  of  linear  lakes,  mostly 
located  in  north-sloping  valleys.  The  two  largest  of  these 
are  Cayuga  and  Seneca.  Each  of  these  Finger  Lakes  o\v.- 
its  existence  in  part  to  glacial  deposit,  and,  in  the  case  of 
all  but  Cayuga  and  Seneca,  this  cause  seems  to  be  the  im- 
portant one  for  the  basins.  Without  doubt  they  have  all 
been  modified  by  postglacial  uplift  of  the  land,  which  was 
greater  in  the  north  than  in  the  south.  Since  this  tilting  is 
definitely  established,  it  may  be  considered  proved  that  the 
form  and  depth  of  the  lakes  have  been  modified  by  this 
cause. 

In  the  case  of  Lakes  Seneca  and  Cayuga,  however,  evi- 
dence has  been  brought  forward  (p.  179)  to  show  that  they 
are  in  large  measure  due  to  glacial  erosion;  and  future 
studies  will  doubtless  discover  other  instances  in  which  tin- 
same  conclusion  will  be  reached  with  reference  t«>  some  of 
the  lakes  in  the  Adirondacks  and  in  other  parts  of  the  State. 
There  has  been  a  prejudice  against  glacial  erosion  as  an  effi- 
cient means  for  carving  rock  basins,  due,  no  doubt,  in  part 
to  the  extravagant  claims  made  for  this  agency  by  K'ami-ay 
and  his  followers.  Some  even  ignore  the  evidence  brought 
forward  in  support  of  this  explanation  of  lake  l.;isin>;  but 
when  the  final  word  has  been  written  concerning  the  opera- 
tion of  ice  in  the  erosion  of  basins,  I  predict  that  rock  l>a>in 
formation  will  be  given  a  much  more  prominent  position  than 
many  glacial  geologists  at  present  believe. 

Aside  from  the  Kinger  Lakes  and  Ontario  (p.  K>1),  the 
only  other  case  that  I  am  aware  of  in  which  glacial  erosion 
is  claimed  as  the  cause  for  a  lake  in  Nr\\  York  i<  that  of 
Lake  Mohonk  (Fig.  110)  in  the  Sha\\an^unk  Mountain--. 
which  Darton'  ascribes  in  part  to  glacial  d'-po-it  and  in 
part,  and  probably  preeminently,  to  irhicial  erosion. 


|  N.-w  York  st.-it,.  Museum  Report,  17,  1894,  540 
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Very  little  has  been  published  upon  Lake  Champlain,  but 
its  markedly  linear  form  and  irregular  outline  suggest  that 
it,  as  well  as  Lake  George,  furnishes  another  illustration  of 


FIG.  110.     Lake  Mohonk. 

a  river  valley  clogged  by  a  drift  deposit  and  modified  by  land 
tilting.  In  all  probability,  also,  the  free  passage  of  ice 
down  this  valley  scoured  out  the  valley  bottom  so  that  the 
basin  is  in  part  clue  to  ice  erosion.  Its  irregular  form  is  the 
result  of  the  entrance  of  the  ponded  water  into  tributary 
valleys  of  preglacial  origin,  forming  bays  and  straits  where 
the  valleys  existed,  and  promontories,  islands  and  isthmuses 
where  the  land  was  higher. 

An  interesting  case  of  a  lake  connected  with  the  with- 
drawal of  the  ice  sheet  is  described  by  Quereau.1  While 
the  ice  was  withdrawing  from  this  part  of  the  country  tem- 
porary rivers  flowed  from  the  glacial  lakes  that  were  ponded 
back  by  the  ice  dam.  These  rivers  carved  channels  in 
places  where  now  no  rivers  flow,  and  such  channels  are  rec- 
ognized south  of  Syracuse,  near  James ville,  as  well  as  else- 
where. In  one  of  these  channels  Jamesville  Lake  exists, 
occupying  a  pothole  carved  out  at  the  base  of  a  waterfall 
whose  existence  ceased  when  the  ice  barrier  permitted  the 
temporary  stream  to  select  another  and  lower  channel.  This 


1  Bull.  Geol.  Soc.  Amer.,  IX,  1898,  173-182. 
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is  probably  one  of  a  type,  other  instances  of  which  may  In- 
expected  to  be  discovered  as  a  result  of  future  study.  It' 
Niagara  should  disappear,  such  a  lake  would  exist  at  tin- 
base  of  the  Horseshoe  Falls. 

LIFE  HISTORY  OF  LAKES. — Even  a  large  lake  has  a  brief 
history  when  considered  from  the  standpoint  of  geological 
time.  A  lake  serves  as  an  obstruction  to  a  river,  and  tin- 
obstruction  interferes  with  the  river  development.  For  tin- 
time  being  the  stream  cannot,  at  any  place  above  the  lake, 
lower  its  bed  distinctly  belowr  the  lake  surface.  The  river 
at  once  sets  about  to  remove  the  obstruction,  commencing 
work  at  both  ends  of  the  lake,  lowering  the  channel  of  out- 
flow at  the  outlet,  and  attempting  to  obliterate  the  lake  by 
filling  it,  and  thus  transforming  it  to  dry  land. 

Lakes  are  destroyed  by  the  combined  work  of  cutting  and 
filling,  and  this  is  the  fate  that  awaits  most  of  those  in  the 
world,  even  the  largest.  The  main  rivers,  the  thousands  of 


Fl,,.    HI.       Inlet    Delta    at    hea.l    of    Lake   CayUga.      <'ily    of     Itlia.-a    Situated    on 

i-a>t     siilr    of    the    Delta. 

tributaries,  great  and  small,  the  temporary  rainborn  rills 
the  waves  on  the  shore  and   the  wind    I'mm  the  land,  are  all 
at  work    carrying    fragments  of    rock    waste   I'n'in   the   land 
to  the   lake.      The   contributions  of  a  single   day  or  a  single 
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year  may  not  be  great,  but  after  centuries  and   scores  of 
centuries  the  cumulative  effect  of  those  minute  contributions 

is  felt. 

Naturally  most  of  the  rock  waste  is  furnished  by  the 
largest  streams,  and  of  this  the  coarsest,  and  in  fact  the 
greatest  measure,  is  deposited  at  the  very  mouth  of  the 
streams,  forming  deltas  which  constantly  grow  out  into  the 
lake  and  will  ultimately  fill  it,  in  combination  with  the  other 
agents  of  filling  (Figs.  103  and  114) .  A  large  stream  bearing 
sediment  from  one  side  may  build  a  delta  which  tempora- 
rily bisects  the  lake;  or,  as  at  Interlaken,  in  Switzerland, 
(Fig.  112),  two  such  deltas  from  opposite  sides  may  accom- 
plish the  same  end.  During  the  process  of  lake-filling  there 
may  be  a  great  variety  of  stages. 

The  ultimate  end,  therefore,  is  destruction  by  filling, 
provided  no  other  processes  of  destruction  enter  to  check 
this.  It  may  happen,  to  be  sure,  that  the  outlet  stream  cuts 
away  the  barrier  faster  than  the  lake  is  filled,  and  then  the 
waters  are  drained  off  from  the  deltas  and  even  from  the 
lake  bottom.  This  mode  of  destruction  will  generally  occur 
only  where  the  outlet  barrier  is  a  soft  deposit,  such  as  gla- 
cial till,  that  is  easily  removed.  Even  then  there  must  be 
considerable  slope  for  the  outlet  stream.  Usually  such  an 
outflow  stream  possesses  little  power  of  erosion,  because 
most  of  the  sediment  has  been  filtered  out  by  the  lake 
waters,  and  the  stream  therefore  emerges  clear  and  free  from 
the  cutting  tools  with  which  most  streams  are  enabled  to 
scour  out  channels  even  in  hard  rock. 

If  for  any  reason  the  power  of  the  outlet  stream  becomes 
sufficiently  concentrated,  even  though  it  has  little  sediment, 
it  may  work  effectively  to  lower  the  barrier.  For  instance, 
Niagara  River,  which  is  scarcely  cutting  at  all  in  its  chan- 
nel above  the  cataract,  is  at  work  at  the  Falls  at  such  a 
rate  that  they  have  already  retreated  several  miles,  and  are 
each  year  moving  nearer  Lake  Erie.  If  they  could  ever 
be  able  to  reach  the  lake,  which,  however,  is  not  possible, 
a  sudden  drop  in  the  lake  level  would  then  occur. 

With  the  filling  of  a  lake,  vegetation  often  has  much 
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to  do  (Figs.  113-119).  As  sooii  as  the  water  in  our  place 
becomes  shallow  enough,  lacustrine  vegetation  takes  root 
and  in  time  transforms  this  section  to  a  swamp.  Tin*  delta 
margins  are  among  the  first  to  become  thus  transformed. 
For  instance,  at  the  southern  or  inlet  ends  of  Lak«- 
Cayuga  and  Seneca,  as  well  as  of  some  of  the  other  Finger 


FIG.   113.     Swampy  short-  of  Long  Lake,  Adiromlacks  (Copyright,   l-w->.  l>\   .- 
R.  Stoddard,  Glens  Falls,  N.  Y.). 

Lakes,  extensive  delta  deposits  have  been  accumulated 
from  the  waste  obtained  in  the  erosion  of  tin-  postglacial 
gorges.  The  depth  of  the  delta-filling  in  some  cases 
amounts  to  200  to  300  feet,  and  the  surface  is  nearly  level, 
because  it  is  primarily  determined  by  the  plane  .,f  tin- 
lake  surface.  These  level  tracts,  reaching  slightly  above 
the  water,  are  naturally  swampy,  particularly  near  tin- 
lake  shore,  and  the  same  is  true  of  some  <>!'  the  Mnall  delta- 
that  are  being  built  along  the  margin  of  these  lakes  opposite 
the  gorges,  as,  for  example,  opposite  Taugliammck,  <>n  tin- 
shores  of  Lake  Cayuga.  These  marginal  delta  swamps 
are  not  so  extensive  in  Lake  Cayuga  as  they  are  ;il«>ng 
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the  shores  of  Chautauqua  Lake,  because  the  depth  of  water 
to  be  filled  is  much  greater  in  Cayuga  than  in  the  shallow 
Chautauqua.  Opposite  the  mouths  of  all  the  larger  streams 
entering  Chautauqua  Lake  there  are  broad  and  very  swampy 

delta  tracts. 

The  delta  plains  near  the  head  of  Lakes  Cayuga  and 
Seneca  are  most  swampy  on  the  side  where  the  sediment 


FIG.  114.     Temporarily  flooded  western  portion  of  Inlet  delta  at  head  of  Cayuga 

Lake,  New  York. 

supply  is  least  abundant,  that  is,  on  the  western  side  in 
the  case  of  Cayuga,  and  on  the  eastern  side  in  the  case 
of  Seneca.  This  has  had  an  important  influence  in  deter- 
mining the  location  of  the  two  towns  of  Ithaca  and  Watkins 
(Figs.  96  and  114;  also,  p.  81). 

Accumulation  of  rock  debris  in  the  lake  will  in  time 
do  more  than  form  deltas  opposite  the  stream  mouths. 
It  will  eventually  fill  up  the  lake.1  This  filling  is  aided 
in  its  last  stages  by  vegetation.  The  reeds,  the  lily  pads, 
the  sphagnum  moss,  and  other  water -loving  plants,  trans- 

1  Smyth,  Amer.  Geol.,  XI,  1893,  85-90. 
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form  the  shores  to  swamps,  and  finally  may  reach  over  tin- 
entire  surface,  forming  a  broad  swamp  in  place  of  tin- 
lake  (Fig.  119),  at  first  not  dry  enough  for  trees,  but  later 
transformed  to  a  tree-covered  swamp.  In  these  swamps 
peat  is  formed,1  and  there  are  thousands  of  filled  ponds 
and  lakes  of  this  origin  in  the  State. 

In  some  cases,  before  the  vegetable  deposit  is  formed 
in  excess,  there  are  conditions  favoring  the  accumulation  of 


Km.   115.      Swampy   shore  of  Fifth    Lake,  Kulloii   chain.  .\<lin>inl:n-ks 
is.   K.  Stoddard,  photographer), 

layers  of  animal  remains.  First  sediment  finds  its  \\a\-  into 
the  pond  freely,  then  when  the  shores  become  swampy,  the 
sediment  is  commonly  arrested  in  its  course  near  Ihe  mar- 
gin, so  that  the  shells  of  animals  may  accumulate  more  rap- 
idly than  either  the  rock  fragments  or  the  vegetable  remain^. 
In  such  a  case  layers  of  shell<  are  formed,  and  after  this, 
with  the  encroachment  of  vegetation,  plant  remains  accii- 

1  Mathrr,  (ieol.  of  N(_-\V  York.  IM   Di-t.,  IM;;;   i-j-iii;  229-32;   Vanuzem,  same.  :t<l 
Dist.,  1842.  22!t-:!l. 
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inulate  in  excess.  In  such  places  we  find  first  a  layer  of 
clay,  representing  a  time  of  deposit  of  sediment;  then  of 
animal  remains,  such  as  marl  or  infusorial  earth  (including 
the  tests  of  diatoms),  and  above  this  a  bed  of  peat.  Hun- 
dreds of  sections  similar  to  this  have  been  revealed  in 
various  parts  of  New  York,  the  best  with  which  I  am  ac- 
quainted being  those  at  the  cement  works  at  Cassadaga 
Lake,  in  Chautauqua  County.  Here  the  lakes  are  not  en- 
tirely filled,  but  during  the  process  of  filling  have  been  di- 
vided into  several  lakes  and  swamps,  so  that  every  stage  in 
the  lake  destruction  may  be  seen.  Marl  is  often  formed 
by  the  intervention  of  fresh  water  algge. 

Such  conditions  as  these  are  best  found  where  the  sedi- 
ment supply  is  slight.  In  some  places  there  is  so  little  clay 
and  sand  furnished  that  the  organic  deposits  are  most  prom- 
inent. For  instance,  some  of  the  ponds  occupying  kettles 
in  the  moraine  near  Cortland  have  such  a  slight  drainage 
area  that  they  receive  so  little  sediment  that  their  beds  are 
made  exclusively  of  a  marl  (Fig.  109) . 

Elsewhere  the  lake  filling  is  mainly  accomplished  by  veg- 
etation from  first  to  last,  because  almost  no  sediment  is  sup- 
plied. This  is  illustrated  in  the  case  of  ponds  and  swamps 
in  the  wooded  region  of  the  Adirondacks  and  in  the  tiny 
kettle -ponds  in  parts  of  the  moraine;  but  on  a  larger  scale 
it  is  illustrated  in  the  lakes  and  swamps  of  southern  Florida, 
where  the  streams  bring  almost  no  sediment,  and  the  lakes 
are  being  changed  to  swamps  by  an  accumulation  of  vege- 
table muck  which  in  places  is  several  feet  thick.  Such  de- 
posits as  these  maybe  considered  as  embryonic  coal  beds. 

Thus  sediment  filling,  aided  by  plant  and  animal  deposit, 
is  engaged  in  the  extermination  of  lakes,  and  the  first  result 
is  the  formation  of  swampy  land.  In  this  State  there  are 
instances  of  every  stage  of  lake-filling  from  the  beginning 
to  the  end.  Later  the  swamps  will  be  drained  by  natural 
processes,  for  the  streams  are  then  able  to  flow  across  the 
deposits  (Fig.  119),  and  thus  help  to  drain  and  to  excavate 
them,  so  that  finally  the  swampy  tracts  are  transformed  to 
dry  plains  drained  by  the  very  streams  that  helped  to  form 


and 

them.  In  time  all  the  lake  deposits  will  be  removed  from  a 
valley,  and  this  completes  the  life  history  of  the  lake.  ( >f 
this  process  of  removal  of  lake  deposits  there  are  instances 
in  this  State,  though  in  most  cases  the  time  since  the  gla- 
cial period,  when  the  lakes  were  formed,  has  been  so  brief 
that  filling  is  generally  incomplete. 

Not  all  lakes  pass  through  this  normal  cycle  of  develop- 
ment; some  are  subjected  to  accident  by  which  they  are  re- 
moved. For  instance,  a  lake  held  behind  an  ice  dam  will 
disappear  when,  by  melting,  the  dam  is  removed.  This  ]\-,\< 
been  the  history  of  the  ice-dammed  lakes  of  New  York. 
With  so  insecure  a  dam  such  lakes  are  very  uncertain,  as 
one  may  plainly  see  along  the  ice  margin  of  Greenland, 
where  in  a  single  season  such  lakes  form  and  disappear. 

Another  cause  for  disappearance  of  lakes  by  other  tlian 
the  normal  processes  is  a  change  in  the  climate  from  moist 
to  dry.  If,  for  example,  the  climate  of  the  Great  Lakc< 
should  change  to  one  of  aridity,  they  would  gradually  shrink 
until  they  were  disconnected,  and  this  shrinking  might  con- 
tinue either  until  the  basins  became  dry  areas  of  interior 
drainage,  or  were  occupied  by  shallow  lakes,  saline  in  char- 
acter through  the  concentration  of  the  salts  furnished  by 
the  water,  but  no  longer  removed  by  overflow  and  incapable 
of  being  removed  by  evaporation. 

Such  a  condition  as  this  exists  in  many  arid  lands,  nota- 
bly  in  Central  Asia  and  our  western  Great  IJasin,  in  which 
one  of  the  basins  holds  the  Great  Salt  Lake.  While  this 
condition  is  now  absent  from  New  York,  the  presenre  ..f  ex- 
tensive beds  of  Silurian  salt  suggests  the  possibility  that,  at 
that  early  period,  the  supposed  conditions  of  aridity  actually 
did  exist  within  the  confines  of  the  State;  and  in  the  changes 
of  climate  which  have  occurred  since  then,  of  which  we  feel 
certain  that  there  have  been  many,  though  we  cannot  specify 
each  of  them  and  point  out  its  effects,  there  may  well  have 

been  similar  changes  in    later   periods;    ind 1.  others  Mill 

may  be  in  store. 

SWAMPS. — There  are  various  ways  in  which  swamps  may 
be  formed,  but  perhaps  the  common«-t  swamp  in  New  York 
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FIG.  116.     Swampy  shore  of  Clay  Pond,  Bourne,  Massachusetts  (Fig.  118) 
(J.  L.  Gardner,  2d,  photographer). 

is  that  caused  where  underground  water  escapes  to  the  sur- 
face on  a  hillside,  or  at  the  base  of  a  hill,  and  finds  its  run- 
off retarded,  either  by  the  growth  of  vegetation  or  by  the 
levelness  of  the  ground.  With  the  removal  of  the  forests 
many  swamps  of  this  kind  have  disappeared,  and  their  sites 
are  marked  by  the  presence  of  a  dark  carbonaceous  soil.  In 
other  cases  the  supply  of  water  is  so  great  that  the  mere 
removal  of  trees  is  not  sufficient  to  drain  the  surface,  and 
then,  in  some  instances,  artificial  drainage  has  been  re- 
sorted to. 

Swamps  of  this  kind,  although  abundant,  are  small. 
They  are  found  in  great  numbers  in  the  morainic  country, 
where  the  water  readily  percolates  through  the  stratified 
drift,  but  is  retarded,  and  even  forced  to  escape  to  the  air, 
when  it  reaches  the  more  compact  underlying  boulder  clay. 
Sometimes  a  linear  swamp  is  then  formed  along  a  part  of 


<nnl    titi-timjix  -2]  7, 


the  base  of  a  hill,  or  sometimes  the  water  seeps  out  of  the 
soil  on  a  hillside,  where,  by  a  little  excavation,  a  spring  can 
be  made.  The  swamp-loving  vegetation,  tin-  sphagnum, 
etc.,  grows  abundantly  here,  and  spreads,  finally  causing  a 
small  hillside  swamp.  In  the  damp  climate  of  Scotland  and 
Ireland  the  sphagnum  bogs  at  times  become  so  saturated 
with  wat<T  that  they  commence  to  flow  down  the  hillside, 
often  causing  considerable  destruction.1 

Long  linear  swamps  are  also  formed  in  many  places  along 
the  base  of  the  beaches  that  were  built  when  the  waters  of 
the  Great  Lakes  stood  at  a  higher  level.  The  rain  soaks 
down  into  the  gravel,  but  is  not  so  easily  able  to  enter  the 
underlying  clays.  Such  swamps  as  these  abound  along  the 
north  faces  of  the  beaches  formed  during  the  high  stages  of 
Lake  Erie  in  Chautauqua  County. 

Swamps,  often  of  a  temporary  nature,  are  formed  on  the 
floodplains  of  the  New  York  rivers,  but  they  are  commonly 


FlO.    117.      Swampy     [mi-lion     ..f     Inlet.     Delta,    lic:nl     <>f    Cayn-a     l..il..        • 


dried  up  shortly  after  the  river  11  .....  Is  have  suicided.      Such 
swamps  may  be  Seen  alon^  the  rpper   Mohawk,  where  that 
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river  is  flowing  over  the  level  plain  of  the  old  lake  bottom. 
These  swamps,  on  a  small  scale,  are  the  counterpart  of  the 
great  swamps  of  large  floodplains,  like  those  of  the  Missis- 
sippi, the  Yellow,  etc. 

Of  the  large  fresh- water  swamps,  which  are  very  abun- 
dant, the  great  majority  are  connected  with  some  part  of  a 


FIG.  118.     Swamp  replacing  pond,  Clay  pond,  Bourne,  Massachusetts  (Fig.  116) 
(J.  L.  Gardner,  2d,  photographer). 

lake  history.  For  instance,  a  bay,  either  on  sea  or  lake 
shore,  becomes  shut  in  by  bars,  and,  upon  being  filled,  is 
changed  to  a  swamp.  Or,  even  without  an  enclosing  bar,  a 
bay  along  a  lake  shore  may  become  a  fresh-water  swamp  by 
mere  filling  as  the  result  of  sediment  brought  by  tributary 
streams.  The  filling  of  any  lake  or  pond  will  in  time  pro- 
duce a  swampy  tract(Figs.  113-119) .  This  process  of  lake- 
filling,  together  with  the  production  of  delta,  lake  shore  and 
filled-lake  swamps,  has  already  been  sufficiently  described 
(pp.  207-213). 
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Another  class  of  lake  swamps  is  that  fonm><l  in  connec- 
tiou  with  the  disappearance  of  the  ice.  During  tin-  stand  of 
the  glacier  the  temporary  lakes  received  deposits  which  were 
spread  out  with  such  levelness  that  swamps  now  exist  on 
parts  of  the  sites  of  many  of  them.  Connewango  swamp,  in 
Chautauqua  County,  is  situated  in  the  bottom  of  an  extinct 
lake,  formed  while  the  glacier  was  standing  in  that  region. 


Flu.  ll'J.      Yalk-y  of  the   I'.oivas,   illustrating  swamp    ii.nmii    liy   lake 
(Copyright,  1888,  by  S.  R.  Stoddanl,  (ili-ns   Falls,  N,  \v  York  I. 

Although   the   lake   has   now   disappeared,    its    proence    is 
marked  by  shore  lines  on  the  neighboring  hillsides. 

The  Montezuma  marshes,  at  the  outlet  of  Lake  Cavnga, 
also  appear  to  be  associated  in  origin  with  the  withdrawal 
of  the  ice-sheet .  One  expects  to  find  swamps  at  the  head 
of  lakes,  where  filling  is  in  operation;  but  the  d/illff  should 
not  normally  be  the  seat  of  an  extensive  swamp,  as  i-  the 
case  with  Lake  Cayuga.  It  is  known  that  the  Lee  stood  in 
this  region  for  awhile,  building  moraines  ;iiid  evidently  pour- 
ing sediment  into  the  lake  from  streams  which  issued  from 


218  The   Physical    Geography   of  New    York   State 

its  front.  The  sediment,  entering  a  body  of  quiet  water, 
naturally  spread  itself  out  in  the  form  of  a  moderately  level 
sheet.  This  shallowed  the  northern  end  of  Lake  Cayuga, 
so  that  in  postglacial  times  it  has  become  transformed  to  an 
extensive  swamp,  chiefly  through  the  agency  of  vegetation, 
which  has  added  the  top  layer.  This  swamp  is  even  now 
encroaching  southward  upon  the  lake,  which  is  shallow  near 
the  outlet  end,  where  the  clear  lake  water  merges  imper- 
ceptibly into  the  reed-covered  swampy  tract. 

Gilbert1  has  brought  forward  evidence  that  the  land  in  the 
Great  Lakes  region  is  still  rising,  tilting  the  land  by  raising 
it  more  in  the  north  than  in  the  south,  and  geological  evi- 
dence points  to  the  conclusion  that  it  has  been  rising  in  the 
recent  past.  This  tilting  of  the  land  has  necessarily  dimin- 
ished the  slope  of  north-flowing  streams,  and  should  tend  to 
increase  tho  swampiness  of  the  lake  deltas  on  the  southern 
end  of  the  Finger  Lakes.  Concerning  such  tilting  Shaler2 
has  suggested  that  the  swampiness  of  one  of  the  New  Eng- 
land valleys,  the  Nashua,  has  resulted  from  this  tilting,  and 
it  is  not  improbable  that  some  swamps  in  New  York  are  of 
the  same  origin.  The  swampy  tracts  along  portions  of  the 
Charnplain  shore  may  also  be  due  to  the  change  in  level  of 
the  land. 

By  far  the  most  extensive  swamps  are  those  produced  by 
the  elevation  of  level  sea- bottoms.  Drainage  upon  them  is 
at  first  so  poorly  developed  that  they  are  swampy,  as  is  the 
case  of  the  elevated  sea-bottom  of  southern  Florida  and 
eastern  Texas.  Later,  as  the  streams  sink  their  channels 
into  these  level  tracts,  they  become  drained,  as  has  been  the 
case  with  the  pine  land  plains  of  New  Jersey  (Fig.  33). 

There  are  now  no  such  sea -bottom  swamp  plains  in  New 

York,  though  during  the  elevation  of  the  Appalachians  their 

western  face,  even  in  New  York,  was  skirted  by  plains  which 

at  first  were  undoubtedly  swampy,  similar  to  those  upon 

rhich  the  coal  fields  of   Pennsylvania  developed.      These 

1  Nat.  Geog.  Mag.,  VIII,  1897,  233-247;     Eighteenth  Annual   Report  U.  S.  Geol 
Survey,  1898,  595-647. 

2  Amer.  Journ.  Sci.,  XXXIII,  1887,  210-221. 
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have  now  been  transformed  by  elevation  and  di.-seetion  to 
the  central  New  York  plateau,  from  which  many  of  tin-  over- 
Lying  layers  have  been  stripped,  so  that  it  is  not  impossible 
that  the  evidence  of  this  swampiness,  in  the  form  of  coal- 
beds,  which  may  once  have  existed,  has  been  removed  in 
the  course  of  denudation. 


CHAPTER    VII 

ORIGIN   OF   THE   BASINS    OF  THE    GREAT  LAKES 

DESCRIPTION  OF  THE  ST.  LAWKENCE  SYSTEM.1— The  St. 
Lawrence  is  quite  unique  among  the  river  systems  of  the 
world.  At  its  mouth  the  river  and  its  tributaries  are 
drowned,  so  that  the  salt  water  of  the  ocean  enters  to  form 
the  broad  Bay  of  St.  Lawrence,  with  its  irregular  margin. 
Even  further  out  than  this,  there  is  indication  of  a  river 
valley  carved  in  the  continental  shelf  and  completely 
covered  by  the  ocean  waters.  From  the  Bay  of  St.  Law- 
rence up  stream  the  water  area  narrows  and  the  water 
freshens,  though  the  tide  rises  nearly  as  far  as  Montreal,  at 
which  place  the  St.  Lawrence  is  a  very  broad  river,  with 
gentle  current.  Just  above  this  place,  the  river  changes  in 
habit,  becoming  a  series  of  violent  rapids,  and  from  this 
point  up  stream  there  are  frequent  stretches  of  quiet  water, 
separated  by  rapids.  Then,  at  the  outlet  of  Lake  Ontario, 
the  river  passes  through  a  maze  of  islands,  beyond  which 
is  Lake  Ontario  itself,  one  of  the  five  Great  Lakes, 
which,  because  of  their  immense  size  and  close  connec- 
tion, constitute  one  of  the  remarkable  features  of  the 
system. 

These  several  lakes  are  connected  by  broad  rivers  and 
straits,  which,  in  places  navigable,  are  elsewhere  inter- 
rupted by  rapids,  and  in  one  case  by  the  greatest  fall  in  the 
world,  Niagara.  The  water  area  above  the  Thousand 
Island  outlet  of  Lake  Ontario,  including  the  lakes  and 
connecting  streams,  is  about  95,275  square  miles;2  but  to 

Schermerhorn,  Amer.  Journ.  Sci.,  CXXXIII,  1887,  278-284;  Vedel,  Amer.  Geol., 
VIII,  1890,   196;  Bigsby,  Phil.  Mag.,  2d  Ser.,  V,  1829,  1-15;  81-87;  263-274;  339-347; 
424-431;  Henry,  Trans.  Albany  Inst.,  I,  1830,  87-112. 

2  Most  of  the  figures 'and  facts  in  this  chapter  are  taken  from  Schermerhorn's 
valuable  paper,  Amer.  Journ.  Sci.,  CXXXIII,  1887,  278-284. 
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this  entire  area  there  is  no  large  river  tributary.  As  will 
be  seen  by  the  map  (Fig.  1-0),  the  divide  of  the  system 
sometimes  runs  close  to  the  lakes,  and  is  never  verv  far 

•/ 

from  them.  The  total  area  of  the  Great  Lake  system  is 
about  270,000  square  miles,  of  which,  as  has  been  said, 
about  95,275  square  miles  is  water.  This  of  itself  is  a 
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FIG.  120.     Schermerhorn's  sketch  map  of  the  Great  Lakes. 

remarkable  feature,  and  will  be  referred  to  Inter  as  having 
an  important  bearing  on  the  history  of  tin-  St.  Lawrene.- 
system. 

"The  water  surface  of  Lake  Superior  nearly  e<nial>  the 
combined  areas  of  New  Hampshire,  \Ynmmt,  Massa- 
chusetts and  ( 'onneetieut ";  and  the  "combined  area  of  the 
lakes  exeeeds  the  area  of  England.  Wales  and  Scotland"; 
while  "the  length  of  shore  line  of  the  lakes  and  their  con- 
necting rivers  is  about  5,400  miles,  or  aln.nt  e<|iial  to  the 
coast  line  from  Maine  to  the  isthmus  of  Panama,"  iir 
minor  indentations.1 


1  Schermerlioni.  A  HUT.  Journ.'Scl.,  < 'XXXII  I.  1»^7,  •_'71.< 
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1,000 

Lake  Michigan  .  .  . 
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30 
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20 
650 
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UT.TOO 

|-  31,700 

3,800 
3,400 

60,100 
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3,830 
3,810 

Mac-kinac  Strait  . 
North  Channel... 

Georgian  Bay  
St.  Glair  River 
Lake  St.  Olair 
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+554 

1 

Detroit  River. 
Lake  Erie 
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25 
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40 

58  2 

54 
590 

60 
10,000 

'76 

204 
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+  369 

'l30 

1,200 
22,700 

1,260 
32,70C 

Niagara  River 
Lake  Ontario. 

34 
180 

1 

40 

9 

58 

70 
600 

60 

7,300 

300 
21,600 

361 
28,900 

300 

738 
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-491 

410 

dt     T    mr'Vfmftci  T?i**£i»' 

760 

20 

95 

Totals 

5,404 

95,660 

5,508 

174,800 

270,460 

Table  copied  from  American  Geologist  (by  Vedel),  XVIII,  1896,  196. 

From  the  table  it  is  seen  that  Lake  Superior  is  602  feet 
above  sea  level,  Huron  and  Michigan  581  feet,  the  descent 
between  them  being  chiefly  in  the  rapids  of  St.  Mary's 
River.  There  is  then  a  descent  of  about  8  feet  to  the  level 
of  Erie  (573),  mostly  in  Detroit  River,  while  Ontario  has 
an  elevation  of  only  247  feet.  Of  this  descent,  160  feet 
occurs  at  the  Falls,  110  feet  in  the  rapids  of  the  gorge,  and 
50  feet  in  the  rapids  just  above  the  Falls.  This  leaves  only 
6  feet  of  fall  for  the  upper  Niagara  River  above  the  rapids. 

The  beds  of  all  the  lakes,  excepting  Erie,  are  below  sea 
level,  and  such  a  large  area  is  below  this  level  that  even  if 
their  water  surface  were  lowered  down  to  the  level  of  the 
sea,  there  would  still  remain  large  bodies  of  water  in  the 
sites  of  Ontario,  Michigan  and  Superior,  while  Erie  would 
disappear  and  Huron  shrink  to  small  size. 

The  rainfall  of  the  entire  lake  area  averages  about  31 
inches,  being  higher  in  the  eastern  than  the  northwestern 
end.  This  rainfall  fills  the  lakes,  satisfies  percolation  and 
evaporation,  and  furnishes  for  discharge  86,000  cubic  feet 
P«-r  second  from  Lake  Superior,  225,000  cubic  feet  from 
Michigan  and  Huron,  265,000  cubic  feet  from  Erie  through 
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the  Niagara,  and  300, 000  cubic  feet  per  second  from  Lake 
Ontario.  This  aggregate  discharge  is  double  that  of  the 
Ohio,  nearly  half  that  of  the  Mississippi,  and  represents 
about  one-half  the  rainfall,  while  in  the  case  of  the  Ohio 
and  Mississippi  the  discharge  is  equal  to  only  about  one- 
quarter  of  the  rainfall.  The  total  bulk  of  water  in  tli  • 
river  system  is  about  6,000  cubic  miles,  nearly  one-half 
of  which  is  in  Lake  Superior.  This  amount  "would  sustain 
Niagara  Falls  in  its  present  condition  for  about  TOO  years.1 

Portions  of  Lakes  Erie  and  Ontario,  the  Niagara  h'iver 
and  the  upper  St.  Lawrence,  lie  within  the  State  of 
New  York;  but  while  it  is  this  portion  alone  which 
properly  concerns  us,  no  adequate  discussion  of  the  New 
York  section  of  the  system  can  be  presented  without  in- 
cluding the  entire  drainage  area.  Naturally,  the  question 
of  the  origin  and  history  of  this  interesting  river  system 
has  attracted  wide  attention  and  has  been  the  subject  of 
much  investigation  and  theori/ation.  As  the  result,  then- 
have  been  gathered  a  large  number  of  facts  of  various 
kinds,  and  there  have  been  proposed  numerous  hypothcs.--. 

It  is  no  small  task  to  weigh  these  facts  ard  candidly 
discuss  the  various  hypotheses;  but  since  this  has  never 
been  done,  it  seems  well  to  attempt  it.  Within  the  limits 
of  one  or  two  chapters,  it  is  not  possible  to  do  this  with 
completeness,  although  the  attempt  is  made  to  so  discuss 
the  subject  as  to  consider  the  salient  points.  It  must  1  e 
admitted  in  advance  that,  in  the  main,  a  definite  result  will 
not  be  attained  from  this  discussion:  it  is  too  early  for 
final  conclusions.  Hut  some  facts  and  conclusions  will  be 
found  to  be  established,  while  others  may  lie  c<msid. -ivd 
probable.  Never  having  written  upon  this  general  subject 
before,  though  for  several  years  having  had  the  question 
in  mind,  I  feel  able  to  approach  it  without  bias,  though  in 
discarding  as  untenable  some  of  the  hypotheses  that  have 
been  proposed,  and  in  arguing  against  others,  I  realize  thai 
their  advocates  may  not  stand  ready  to  accept  my  con- 
clusions. All  I  claim  for  this  discus-ion  is  that  it  is  based 

'  Schermerhora.  Amer.  Jonrn.  Scl.,  «'\  XXIII.  l.v-7.  •>_-. 
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upon  a  certain  familiarity  with  the  region,  a  careful  and  ex- 
tended reading  of  the  more  important  papers,  and  a  candid 
consideration  of  the  facts  obtained  from  these  two  sources. 
PREGLACIAL  HISTORY.— It  is  evident  that  before  the 
glacial  period,  the  country  included  in  the  St.  Lawrence 
river  system,  together  with  other  parts  of  northeastern 
North  America,  had  for  a  long  time  been  subjected  to 
denudation.  No  modern  geologist  questions  this,  and  the 


FIG.  121.    Newberry's  ideal  restoration  of  the  New  York  region  in 

preglacial  times. 

evidence  of  it  may  be  found  on  every  hand.  The  result  of 
this  exposure  to  denudation  was  the  transformation  of  the 
land  into  a  series  of  hills  and  valleys,  occupied  and  drained 
by  rivers.  Our  general  land  topography  has  been  pro- 
duced by  this  long  denudation,  and  no  one  questions  that 
at  least  a  part  of  the  form  and  topography  of  the  valleys 
of  the  Great  Lakes  has  resulted  from  its  action.1 

Another  fact  upon  which  there  is  probably  no  difference 
of  opinion,  is  that,  in  the  period  before  the  general  glacia- 
tion,  the  land  stood  at  a  higher  level  than  now  and  that  it 

1  Agassiz  (Proc.  Amer.  Assoc.  Adv.  Sci.,  I.,  1849,  79;  Lake  Superior,  Boston, 
1850,  417-426)  points  out  that  the  detailed  outline  of  part  of  the  shore  of  Lake  Supe- 
rior is  due  to  the  presence  of  dikes,  indicating  that  denudation  has  been  influenced 
by  them. 
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stood  at  such  a  level  for  a  long  time.  The  r\;irt  amount 
of  this  elevation  is  unknown;  but  off  the  coast  of  eastern 
America  the  depression  since  that  time  has  lie. MI  enough 
to  completely  submerge  the  lower  ends  of  some  river  val- 
leys, while  in  the  region  of  the  present  lower  St.  Lawn-nee 
it  was  sufficient  to  drown  the  main  valley  and  its  tributaries, 
such  as  the  Saguenay.  The  elevation  certainly  amounted 
to  many  hundreds  of  feet,  and  it  lasted  long  enough  for 
rivers  to  carve  deep  and  broad  valleys  of  mature  form, 
portions  of  which  are  now  completely  obscured  from  view 
by  a  submergence  below  the  ocean  water. 

Whether  the  Great  Lakes  existed  before  the  glacial 
period,  cannot  be  stated  positively  upon  direct  evidence, 
though  without  doubt  most  physiographic  geologists  will 
agree  that  they  did  not.  The  reasons  for  this  conclusion 
are,  in  the  first  place,  that  we  know  of  no  cause  for  their 
existence  immediately  before  the  glacial  period.  Lakes, 
even  the  great  ones,  are  not  long-lived,  as  geological  time 
goes,  and  had  they  been  formed  during  a  period  much 
earlier  than  the  present,  they  would  have  long  since  been 
destroyed  by  filling.  In  the  second  place,  and  more  im- 
portant than  the  other  point,  it  may  1.x?  said  that,  had  they 
existed,  there  should  have  been  formed  extensive  lake 
deposits,  containing  lake  fossils,  some  evidence  of  which 
should  have  been  discovered  in  the  course  of  the  careful 
study  of  the  lake  shores  and  the  drift-covered  country 
south  of  them.  This  negative  evidence,  and  the  fact  that 
lake  basins  must  have  a  definite  cause,  has  weight  of 
sufficient  importance  to  lead  to  the  conclusion  that  tic- 
Great  Lakes  probably  did  not  exist  in  preglacial  lime. 

By  what,  then,  were  the  present  valleys  occupied.'  In 
considering  this  subject,  we  leave  for  later  discussion  the 
question  of  the  origin  of  the  present  <-lns<-<!  ha.-ins,  and 
assume  the  existence  of  valleys,  without  raising  the  ques- 
tion win-flier  they  were  then  as  deep  as  now.  Were  these 

valleys   occupied    by    the    preglacial    St.    Lawrei I  fiver.' 

This  question  may  be  answered  positively  by  the  -latement 
that  no  such  river  existed  along  the  present  line  ,,r  passage  of 

o 
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the  St.  Lawrence  water.  Whatever  the  preglacial  drainage 
may  have  been,  no  river  that  was  able* to  form  an  upper 
valley  like  that  of  Superior,  Huron  and  Michigan  would  then 
change  to  a  Detroit  river,  or  to  a  Niagara.  All  would  agree 
that  the  present  course  is  not  exactly  the  preglacial  course. 


Lower  Reeurbei 

or 

Laurenti'an  River 

BY    JW  Spencer 


FIG.  122.     Spencer's  interpretation  of  the  preglacial  course  of  the 
lower  St.  Lawrence. 

However,  when  we  come  to  consider  how  far  this  pre- 
glacial course  differed  from  the  present  one,  we  come  to  a 
point  where  diversity  of  opinion  exists.  Numerous  at- 
tempts to  reconstruct  parts  or  the  whole  of  the  preglacial 
drainage  have  been  made,  and  some  investigators  have 
pointed  out  the  existence  of  buried  channels,  revealed  by 
borings,  and  have  shown  that  they  may  represent  the  pre- 
glacial courses  of  some  parts  of  the  St.  Lawrence  system. 

For  instance,  Newberry1  notes  the  existence  of  buried 


.  Boston  Soc.  Nat.  Hist.,  IX,  1862-63,  42-46.  See  also  later  articles  by 
Newberry  (referred  to  on  p.  232).  Also  Winchell,  Amer.  Journ.  Sci.  Oil,  1871,  15-19; 
Orton,  Geol.  Survey  Ohio,  Vol.  I,  1873,  425-434;  438-449;  455-462;  Geol.  Survey 
Ohio,  Vol.  VI,  1888,  772-782;  Spencer,  Proc.  Amer.  Phil.  Soc.  XIX,  1880-81,  300-337; 
and  later  articles,  (see  p.  245)  ;  Foshay,  Amer.  Journ.  Sci.  XL,  1890,  397-403;  Leverett, 
Amer.  Journ.  Sci.  XLII,  1891,  200-212;  Hershey,  Amer.  Geol.  XII,  1893,  314-323; 
Mudfce,  Amer.  Geol.,  XII,  1893,  284-288;  same,  XIV,  1894,  301-308;  same,  Amer. 
Journ.  Sci.  L,  1895,  442-445;  same,  Amer.  Journ.  Sci.  IV,  1897,  383-386;  Chamberlin 
and  Leverett,  Amer.  Journ.  Sci.  XLVII,  1894,  247-283;  Upham,  Bull.  Geol.  Soc. 
Amer.,  VII,  1896,  327-348;  same,  VIII,  1897,  6-13;  Pierce,  Amer.  Geol.,  XX,  1897, 
170-181. 
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river  valleys,  notably  the  Cuyahoga,  which  enters  the 
valley  of  Lake  Erie  at  a  depth  considerably  In -low  t  In- 
take surface.  This  he  takes  as  evidence  that  the  Lak.- 
Erie  valley  was  a  preglacial  vall«-y  at  a  time  when  the 
land  stood  higher,  namely  at  the  time  when  the  drowned 
valleys  of  the  coast  were  formed. 

His  view  is  carried  a  step  further  in  later  articles,1 
where  he  points  out  the  existence  of  a  buried  channel  at 
Detroit  130  feet  below  the  city,  and  another  south  of  Lake 
Michigan  230  feet  deep.  He  also  shows  that  Onondaira 
Lake  of  New  York  has  beneath  it  a  depth  of  414  fe.-t  «>t' 
drift  deposit,  so  that  the  rock  surface  there  is  .">()  iV<-t 
below  sea  level.-  The  great  depth  of  drift  near  Syracuse, 
together  with  other  facts,  led  Newberry  to  the  conclusion 
that  the  preglacial  drainage  of  at  least  the  eastern  lakes 
found  outlet  through  the  Mohawk  and  the  Hudson.3  This 
interpretation  is  opposed  by  Carll,4  and  by  Lesley,5  the 
latter  calling  attention  to  the  fact  that,  according  to  this 
view,  there  must  be  a  channel  near  Little  Falls,  New 
York,  with  at  least  1,000  feet  of  drift-filling.  It  is  doubt- 
ful if  any  one  who  is  familiar  with  the  Mohawk  valley 
would  now  hold  this  view  of  Newberry's,  for  there  seems 
to  be  no  opportunity  for  such  a  river  at  this  place.  At 
Little  Falls  the  valley  is  crossed  by  rock,  and  on  either 
side  of  the  river  there  is  no  place  for  the  existence  of  a 
valley  of  such  a  depth  and  of  sullicient  width  t<>  corre- 
spond to  the  depth.  Moreover,  Brigham  (p.  IS'-')  has 
recently  proved  very  clearly  that  the  region  about  Little 
Falls  represents  a  divide,  and  that  the  Mohawk  is  a  complex 
of  two  streams,  one  east-flowing,  the  other  west -Mowing. 


Newl.erry,  Geol.  Survey  Ohio,   1M1,!!,  'Jl-::i:  AmiaN  New  York  I.y.-eum  Nat,   11 
IX.  l>7n,  213-234;  An.er.  Nat..  IV,  1*7o.  1!»::-^14. 

-Newlierry  first  -:ij,|  tliat  tlir  ( 'iiyaln.-a  ,-liaiiiM-l  WM  H>n  I.,  t  l,r|.,\v  iln-  Ink.-  sur- 
face; but  lat.-r  (Qeol.  Survey  Ohio.  I.  I>7::,  1 7.">  i  h.-  -ln>\\-  tlial  tin'  i|.-|'tli  i-  as  nm.-li 
as-  L'L'8  feet.  Upli.-mi  I  Mull.  (i<-..|.  Soc.  AIIMT..  \' I  I  1 .  1M»7.  6-13),  lin.N  tlf  <l.-]'tli  «'f  tin- 
cliaillicl  to  be  47d  feet  l>eln\v  lake  level. 

;!Pop.    S<-i.    Mon.,    XIII.    1>7>.    641-660;    PfOC.    Am.r.    I'liil.    Boo.,    X\. 
91-95. 

'Second   Geol.   Survey  Pennsylvania.   l,Y|".rt   III.   L880, 

sproc.  Amer.  1-hil.  Soc.,  XX.  1882-83,  '.ir.-ini. 
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Spencer  has  also1  attempted  to  reconstruct  the  pre- 
glacial  drainage  of  the  Great  Lakes  and  has  pointed  out 
the  existence  of  numerous  buried  valleys,  notably  one 


Direction  of  Glaciation, 


a,  (/.  Submerged     Escarpment 

in  Lake  Huron. 
t,  f>.  Submerged     Escarpment 

in  Lake  Ontario. 


Lake  Ontario  247  feet,  Erie  573 
feet,  Huron  and  Michigan  382 
feet,  Simcoe  722  feet  nbove  the 
tea. 


FIG.  123.     Spencer's  interpretation  of  the  preglacial  course  of  the  drainage 

of  the  Great  Lakes  region. 

apparently  connecting  Lakes  Erie  and  Ontario,  via  Hamil- 
ton, in  Ontario.  He  has  realized  the  difficulty  of  proposing 
an  outlet  for  Ontario,  because  neither  the  Mohawk  nor 
the  St.  Lawrence  courses  seem  adequate,  and  there  is  no 
other  place  apparent.  This  difficulty  he  meets  by  assum- 
ing that  the  outlet  has  been  closed  by  the  tilting  of  the 
land,  so  that  the  old  valley,  which  was  approximately  along 
the  line  of  the  present  St.  Lawrence,  no  longer  slopes 
eastward.  As  will  be  seen  by  the  map  (Fig.  123),  Spencer 
locates  the  sites  of  these  supposed  rivers,  and  gives  them 
names. 

Still  another  opinion  concerning  the  former  course  of 
the  drainage  of  the  Great  Lake  region  is  that  much  of  the 
water  formerly  outflowed  to  the  Gulf  of  Mexico  through 

1  Proc.  Amer.  Phil.  Soc.,  XIX,  1880-81,  300-337;  Second  Geol.  Survey  Pennsylvania 
Kept.  QQQQ,  1881,  357-406;  Proc.  Amer.  Assoc.  Adv.  Sci.,  XXX,  1881,  131-146;  same, 
XXXVII,  1888,  197-199;  Bull.  Geol.  Soc.  Amer.,  I,  1889,  65-70:  Quart.  Journ.  Geol. 
Soc.,  XLVI,  1890,  523-533;  Amer.  Geol.,  VII,  1891,  86-97;  Pop.  Sci.  Mon.,  XLIX, 
1896,  157-172;  Amer.  Geol..  XXI,  1898,  110-123.  A  number  of  Spencer's  papers  are 
republished  in  the  appendix  of  the  llth  Annual  Rept.  of  the  Niagara  Reservation  Com- 
mission, 1895.  Some  of  Spencer's  other  papers  (p.  245),  refer  to  this  view  of  the  pre- 
glacial drainage. 
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the  Mississippi  River.1  Our  knowledge  of  the  Canadian 
region  is  too  limited  to  permit  the  assumption  that  none 
of  the  drainage  found  its  way  northward  in  prcglacial 
times. 

Thus  it  is  seen  that,  while  we  know  that  there  wen- 
valleys  in  preglacial  times,  there  is  no  consensus  of  opinion 
as  to  their  course.  On  the  part  of  some  it  has  been  a 
common  assumption  that  the  buried  valleys  discovered  in 
borings  are  all  preglacial;  but  by  others  it  has  bem  sug- 
gested that  some  of  them  are  iuterglacial.  For  instanc.-. 


KM;.  124.     Grabau's  interpretation  of  tin-  original  consequent   i  Ira  inline  <•(" 
western  New  York.    (New  York  State  Museum,  Bulletin  N...  I."..  r.'"l 

Newberry2  says  that  tlie  prcglacial  valleys  havinir  been 
enlarged,  were  later  connected  by  canyons,  and  again 
occupied  by  ice,  and  finally  by  drift,  rphanr1  explains 


1  See,  for  instance.  Russell,  Lukes  <,f  North  America.  BoatOD,  1895,  '.'7:  l>Iiam, 
Anier.  (ieol.,  XVIII,  lh!Mi.  Ki'.i-177;  Hull.  <ieol.  Boc.  Amer.,  VIII.  ls'.»7.  C.  13. 

-  I'roc.  Amer.  I'hil.  Sor.,  XX,  1882-83,  '.'i  95.  v<  •  also  Hershey,  Amer.  iie..i., 
XII.  iwci.  :',H-:r2:t. 

•Hull.  Geol.  Soc.  Amer.,  VIII.  is-.i7.  c,  l .:. 
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the  narrow  and  deep  cany  on- like  buried  valleys  as  a  result 
of  the  uplift  which  preceded  the  glacial  period. 

From  this  maze  of  conflicting  opinions  it  is  difficult  to 
determine  upon  the  correct  explanation.  One  point  seems 
fairly  clear— that  the  preglacial  valleys  were  not  as  deep 
as  the  present  ones.  The  lake  basins  are  broad,  boat- 
shaped  valleys;  but  there  are  no  equivalent  valleys  con- 
necting them.  Instead,  deep  canyons  are  found  in  a  few 
places,  and  these  are  assumed  to  represent  the  connecting 
rivers.  Those  who  advocate  this  view  fail  to  explain  why 
a  broad  valley  abruptly  narrows  to  a  canyon,  when  there  is 
no  noticeable  variation  in  rock  structure. 

Since  there  are  no  broad,  connecting  valleys,  it  follows 
that  the  present  depth  of  the  basins  has  been  caused  by 
some  change  in  conditions,  and  this  conclusion  will  be 
discussed  further  on.  How  much  these  basins  have  been 
deepened  is  not  now  apparent;  but  among  all  the  facts 
that  we  have,  there  are  none  which  would  disprove  the 
view  that  the  original  old  valley  bottoms  might  have  been 
as  high  as  the  level  of  the  present  lake  surface.  With  so 
much  uncertainty,  it  is  evident  that  it  is  difficult  to  trace 
the  preglacial  course  of  the  rivers  involved  in  the  carving 
of  the  valleys. 

The  buried  gorges  connecting  the  basins  may  be  due 
to  immediately  preglacial  uplift,  as  suggested  by  Upham,1 
or  they  may  be  interglacial  gorges.  They  are  certainly 
younger  in  form,  and  hence  in  age,  than  the  preglacial 
valleys  with  which  they  are  associated;  and  while  they 
may  mark  the  approximate  course  of  the  preglacial  rivers, 
they  may,  on  the  other  hand,  represent  a  course  far 
divergent  from  the  original  preglacial  course.  So  it  seems 
that  any  argument  in  favor  of  preglacial  courses  which  is 
based  upon  evidence  obtained  from  the  drift-filled  canyons 
is  not  necessarily  valid. 

My  own  belief  is,  that  the  present  Great  Lakes  system 
is  a  complex  made  by  the  union  of  portions  of  several 
streams  as  the  result  of  various  accidents,  particularly  the 

l.  Geol.  Soc.  Amer.,  VIII,  1897,  6-13. 
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glacial  accidents.  There  may  bo  portions  of  the  St. 
Lawrence,  of  the  Mississippi,  and  possibly  «-v.-n  of  tin- 
Arctic  drainage,  united  by  these  accidents  to  form  the 
present  complex. 

One  of  the  reasons  for  proposing  this  view  is  that  there 
appears  to  be  no  continuous  development  of  the  system  in 
any  one  direction.  A  well  developed  river  valley  naturally 


Fio.  125.  Grabau's  interpretation  of  preglacial  drainairi'  <>f  northern  Ni-w  York  - 
a  later  stage  of  development  than  Kip.  124  (New  Y"rk  Stair  Miix-mn. 
Bulletin  No.  45,  1901). 

broadens  from  its  head  to  its  mouth.  The  (Jiv.-it  Lakes 
sjrstem  does  not  do  so,  either  toward  the  Moha\\k,  St.  Law- 
rence or  Mississippi.  The  St.  Lawn-nee  K'ivei-  itself,  it  is 
true,  does  broaden  eastward;  but  this  is  not  i-oiinerted  with 
a  similar  change  in  that  ]>art  of  the  system  which  is  occu- 
pied by  the  ( Treat  Lakes. 

Another  argument  against  the  belief  that  this  n^ion 
represents  a  single  preglacial  system  is  the  fact  that  the 
drainage  area  is  so  small.  In  a  number  of  plac«-  the  divide 
is  so  close  to  the  lake  shore  that  we  can  see  the  lake  from 
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the  divide  (Fig.  120),  and  nowhere  are  they  far  removed 
from  one  another.  It  is  true  that  the  system  has  been 
robbed  of  some  of  its  preglacial  drainage ; l  but  even  restor- 
ing this  liberally,  there  still  remains  a  drainage  area  so 
small,  with  tributaries  of  large  size  so  notably  few,  that  the 
condition  seems  an  impossible  one  for  a  large  river  system. 
Moreover,  in  a  river  system  hundreds  of  miles  in  length, 
there  should  naturally  be  an  increase  in  the  number  and 
size  of  large  tributaries  as  one  passed  down  stream;  but 
no  such  increase  is  noticed  in  the  St.  Lawrence  system. 
In  other  words,  the  different  portions  do  not  have  the 
appearance  of  a  part  of  a  single  large  system. 

ORIGIN  OF  THE  LAKE  BASINS. — Whatever  view  has  been 
prominently  held  concerning  the  preglacial  history  of  this 
region,  it  has  been  uniformly  agreed  that  during  or  im- 
mediately after  the  glacial  period,  the  preglacial  valleys 
have  been  transformed  to  basins.  It  has  been  shown  that 
the  zone  of  abundant  lakes  in  northern  Europe  and  Amer- 
ica lies  within  the  glaciated  belt.  While  we  now  know 
that  most  of  these  lakes  are  the  result  of  irregular  drift 
deposits,  Ramsay  advocated  the  view  that  many  were  due 
to  ice  erosion,2  and  suggested  that  the  Great  Lakes  them- 
selves were  rock  basins  carved  out  by  ice  erosion. 

It  is  to  Newberry,3  however,  that  we  owe  a  fuller  de- 
velopment of  this  idea  of  ice  erosion  as  applied  to  the  Great 
Lakes  basins.  He  recognizes  Lake  Superior  as  a  synclinal 
trough,  but  believes  that  the  other  basins  have  been  cut 
by  some  mechanical  agent  out  of  formerly  continuous  and 
nearly  horizontal  sheets  of  sedimentary  strata.  This 


See  pp.  158-101,  170  and  182;  also  Carll,  Second  Geol.  Survey  Pennsylvania  Kept. 
Ill,  1880,  330-397;  same,  Kept.  IIII,  1883,  169-175;  Foshay,  Amer.  Journ.  Sci.,  XL, 
1890,  397-403;  Chamberlin  and  Leverett,  Amer.  Journ.  Sci.,  XL VII,  1894,  247-283; 
Brigham,  Bull.  Geol.  Soc.  Amer.,  IX,  1888,  183-210. 

2 Quart.  Journ.  Geol.  Soc.,  XVIII,  1862,  185-204;  Amer.  Journ.  Sci.,  XXXV,  1863, 

Physical  Geology  and  Geography  of  Great  Britain,  1872,  176. 

3  Proc.  Boston  Soc.  Nat.  Hist.,  IX,  1862-63,  42-46;  Geol.  Survey  Ohio,  1869,  24-31; 

New  York  Lyceum  Nat.  Hist.,  IX,  1870,  213-234;  Amer.  Nat.,  IV,  1870,  193-214; 

Survey  Ohio,  I,  1873,  47-49;   174-184;   same,  II,  1874,  21-65;  72-80;  Proc.  New 

York  Lyceum  Nat.  Hist.,  II,  1874,  136-138;  Geol.  Survey  Ohio,  III,  1878,  32-51;  Proc. 

Amer.  Phil.  Soc.,  XX,  1882-83,  91-95. 
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mechanical  agent  ho  believes  must  be  cither  ice,  or  water, 
or  both.  He  notes  that  all  have  been  filled  by  ice,  ami 
says,1  "No  other  agent  than  glacial  ice,  as  it  seems  to  in< •. 
is  capable  of  excavating  broad,  deep,  boat-shaped  basins 
like  those  which  hold  our  lakes."  The  ice  movement  is 
favorable  to  this  explanation.2  Others  have  followed  New- 
berry  in  ascribing  the  lake  basins  to  ice  erosion  in  pail  at 
least.3 

Cavil4  believes  that  there  were  at  first  preglacial  valleys 
which  were  somewhat  enlarged  by  the  glaciers,  but  mostly 
increased  in  size  by  subglacial  waters.  From  his  state- 
ment, it  is  not  perfectly  clear  just  how  he  accounts  for  all 
the  facts  by  this  action,  and  it  is  doubtful  whether  he 
would  hold  this  view  at  the  present  time. 

In  his  discussion  of  the  Red  River  Valley,  General  War- 
ren5 brings  forward  evidence  of  tilting  of  the  land;  and 
Spencer,6  who  has  vigorously  opposed  ice  erosion,  even  to 
the  extent  of  denying  its  potency  as  a  partial  ap-ney, 
applies  this  change  of  level,  which  Gilbert  had  previously 
proved  to  have  occurred  in  the  Great  Lakes  region,  to  the 
explanation  of  the  basins  of  the  lakes.  In  his  various 
papers  Spencer  argues  that  the  tilting  of  the  land  has 
actually  closed  some  of  the  valleys,  notably  that  of  Ontario, 


i  Annals  New  York  Lyceum  N:it.    Hist..  IX,  1*70.  2,'iL1. 

-Sec    Newberry,    Proc.   Amer.    Phil.   S.x-.,   XX,    IS'SL'  83,    91-95.     See  aU.>  chmn- 
berlin's  map  of  glacial  striae,  7th  Annual  Kept.  U.  S.  Geol.  Survey,  isss'.  facing  p.  L55. 

3See,    for  instance,   LoKan,  <;<•<,!.    Survey   of  Canada.    1st;:!.    ss-.i;   Win. 'hell   (for 
Green  Bay)  Araer.  Journ.  Sci.,  ('II,  1871,   15-1 !»;    Kussrll,    l',,p.   Bci.   MOD.,    l\.    l 
539-546;   Gilbert,    Fonini,   V,    1888,  417-41'S;    Turr   Mull.    Qeol.    Boo.  Amer..   V.    1894, 
339-356  (see  criticism  of  this   by   Spencer,  Aim  r.  Qeol.,  XIV.  IS'.M,    i::»-i:i.r,.  ami   reply 
by  Tarr,   sam.-,  1!U-1!».".. ) 

*  Second   <;••(,].   Survey   Pennsylvania,   Kept.    III.   isso.  ::tiT  376. 

'•Annual   Kept.   Chief    of    Engineers,    1S68,  307;    Amer.  .l..iirn.    S,-i.,    XVI. 

41G-4:tl. 

•  Proc. Amer.  Phil.  SOC..XIX.ISHO  si.::(io  :U7;  Se,-<,nd  (ieol.  Survey  Pennsj 

Kept.  <,»<,»(,»(,>,  i>si,  ;{57-4(M;:  Proc.  Amer.  ASBOC.  Adv.  Sci.,   XXX.   ishi.i:a    n1.;  L 

Mair.  IV.  L887,  167-173;  Amer.  Nat.  XXI,  1887,  168-171:   Proc.  Amer.  Aaaoe.  A.lv 

XXXVII.  isss,  L97-199;   Hull,  Qeol.  Boc.  Amer.,  I.  L889,  66  70;  Quart.  Journ.  

Soc.,  XLVI,  I8«.io,  ,v_':t-r,:i3;  Amer.  .i,,uru.  Sri..  \i. I.  is'.M:   VJ  21;  Amer.  Qeol. 

1891,  8f,-'.»7:  Pror.  Amer.  ABBOC.  Adv.  Bel.,  XUH.  1894,237  243;    Amer.  

1894,298-301:  Pop.  Sci.  MOI,..  XI-IX.  ls-.it;.  i:,7-17'J:  AIM.T.  Qeol.,  XXI, 

nth  Kept.  Niagara  Co.nm..  isn:,.  Appendli  ireprint  ..f  several  papers) 

complete  list  of  Spen. -er'-    ).apers,  gee  p.    -1"'. 
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transforming  them  to  basins,  so  that  the  failure  to  find  a 
broad,  deep,  drift-filled  outlet  is  not  proof  of  ice  erosion. 
According  to  Spencer,  the  differential  elevation,  which  was 
greatest  in  the  north  and  northeast,  formed  three  lakes— 
Superior-Huron-Michigan,  Erie,  and  Ontario.  Spencer 
affirms  that  the  glacial  striae  are  not  parallel  to  the  lake 
basins  and  hence  that  the  ice  erosion  theory  is  not  tenable. 

While  others  besides  Spencer  have  argued  against  the 
glacial  erosion  theory,1  perhaps  the  strongest  argument 
against  it  is  that  by  Claypole,2  who  holds  that  glaciers  are 
not  powerful  enough  to  perform  the  work,  and  that  the 
drift  supposed  to  have  been  excavated  from  the  basins 
does  not  exist  to  the  south  of  them.  Davis3  says  that  the 
evidence  of  glacial  erosion  is  very  meager,  hardly  more 
than  proof  that  the  valleys  were  occupied  by  ice  (p.  341 
in3).  The  rocks  are  nearly  horizontal,  and  the  lakes  lie 
mostly  in  the  softer  strata.  Davis  inclines  toward  drift 
obstruction  of  river  valleys  as  the  chief  cause  for  the 
basins  (p.  362  in  3) .  Upham4  believes  the  chief  cause  of 
the  basins  to  be  warping  of  the  crust  before,  during 
and  after  the  ice  age.  No  doubt  most  of  these  writers, 
while  favoring  one  cause  as  the  prime  one,  would  agree 
to  the  hypothesis  that  several  causes  have  co-operated,  as 
is  stated  by  Davis,5  and  by  Russell,6  who,  though  first 
advocating  ice  erosion,  now  believes  them  to  be  due  to 
laud  movement  and  other  causes. 

Perhaps  the  broadest  statement  of  origin  of  the  Great 
Lakes  is  that  by  Chamberlin,7  who  ascribes  the  Great  Lakes 
basins  to  the  joint  action  of  "preglacial  erosion,  glacial 
corrasion,  glacial  accumulation  blocking  up  outlets,  depres- 


1  See,  for  instance,   Lesley,   Second  Geol.   Survey  Pennsylvania,   Kept.   QQQQ, 
1881,   399-401;  Proc.  Amer.    Phil.  Soc.,  XX,  1882-83,  95-101;  Bonney,  Nature,  XL1II, 
1891,  203-4. 

2  Proc.  Amer.  Assoc.  Adv.  Sci.,  XXX,  1882.  147-159. 

3  Proc.    Boston   Soc.    Nat.    Hist.,    XXI,    1883,  315-381.     In  a   recent   paper  Prof. 
Davis  has  announced  a  fuller  appreciation  of  the  power  of  ice  in  eroding  valleys. 

4  Amer.  Geol.,  XVIII,  1896,  169-177. 

Proc.  Boston  Soc.  Nat.  Hist.,  XXI,  1883,  341,  362. 

Lakes  of  North  America,  1895;    Bull.  Amer.  Geog.  Soc.  XXX,  1898,  226-254. 
7  Proc.  Amer.  Assoc.  Adv.  Sci.  XXXII,  1883,  212. 
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sion  due  to  ice  occupancy  and  general  crust  movements, 
together  with  possible  unascertained  agencies."  This  is 
certainly  broad  enough.  Taylor1  believes  in  four  causes- 
stream  action,  tilting  of  the  land,  obstruction  by  drift  ;md 
deepening  by  ice  action.  He  believes  the  basins  to  be  old 
river  valleys  which  have  been  tilted  and  choked  by  glacial 
deposits,  but  thinks  that  the  ice  sheet  had  little  or  no 
tendency  to  deepen. 

As  in  the  preceding  section,  it  is  dimVnlt  to  select 
from  these  opposing  views  one  which  correctly  explains 
the  phenomena.  That  the  basins  are  not  due  solely,  or 
even  primarily,  to  drift  obstruction  seems  evident.  It  is 
inconceivable  that  there  are  buried  and  completely  obliter- 
ated broad  preglacial  valleys;  and,  while  we  may  agree 
that  there  are  deeply  drift-filled  valleys  between  the  lakes, 
it  seems  certain,  from  all  the  evidence,  that  these  are 
narrow  valleys  formed  in  quite  a  different  way  from  the 
broad,  boat-shaped  basins.  The  failure  to  find  outlet 
channels,  as,  for  instance,  for  the  Ontario  basin,  may  pos- 
sibly be  due  to  incomplete  study;  but  it  has  been  com- 
monly assumed  to  prove  that  this  basin  is  rock  -rimmed, 
and  all  the  evidence  that  we  have  tends  to  confirm  this 
view.  There  could  hardly  be  a  valley  over  700  feet  deep, 
and  broad  enough  to  form  the  continuation  of  the  pre- 
glacial Ontario  valley,  which  is  so  completely  obscured 
by  drift  that  not  the  least  trace  of  it  has  been  found  <>n 
the  surface. 

I  feel  that  we  may  safely  sny  that  the  upper  lake 
valleys  are  disconnected,  excepting  possibly  by  narrow 
canyons.  The  possibility  of  such  connecting  canyons,  as 
deep  as  the  lake  basins  themselves,  cannot  be  denied:  but 
the  probabilities  are  very  much  against  their  existence 
So  we  are  to  explain,  if  not  a  rock  basin,  at  least  a  rock 
basin  in  all  parts  excepting  where  these  undiscovered 
buried  channels  exist.  In  other  words,  we  muM  account 
for  the  deep  boat-shaped  basins,  the  problem  which  New- 
berry  attempted  to  solve. 

'Dryer's   Sunlit--*  in    Iinli:m:i  <  ifilo^y,  'IVm-  Il;int.-.    H'C.  :r    ' 
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Excepting  Superior,  which  is  stated  to  be  in  a  synclinal 
valley,  these  basins  are  not  due  to  structural  causes. 
They  lie  in  a  region  of  nearly  horizontal  strata,  so  uni- 
form in  structure  that  the  alternate  expansion  and  con- 
traction of  the  basins  seems  impossible  on  the  assumption 
of  mere  river  erosion.  It  is,  however,  proposed  as  a  theory 
that  a  broad  river  valley,  the  preglacial  St.  Lawrence,  has 
been  so  warped  as  to  form  these  basins.  That  there  has 
been  warping,  and  that  this  has  had  a  marked  influence  on 
the  form  and  depth  of  the  lakes,  must  be  admitted,  as 
must  also  be  the  certainty  that  drift  deposit  in  pre-exist- 
ing valleys  has  tended  to  the  same  result.  But  to  ascribe 
to  such  warping  the  predominant  influence  seems  an  ex- 
travagant use  of  the  facts.  It  is  a  curious  fact,  if  this 
explanation  be  true,  that  this  particular  region  should  have 
been  selected  for  such  warping,  and  have  produced  five 
great  basins,  when  other  valleys  not  far  different,  nor 
greatly  removed  from  these,  as,  for  instance,  the  Red  River 
Valley  of  the  North,  where  warping  has  also  occurred,  have 
not  been  transformed  to  basins.  This,  of  course,  is  not 
an  unanswerable  argument  against  warping,  but  it  may  be 
pointed  to  as  opposing  evidence. 

The  warping  has  been  complex,  if  it  is  the  prime  cause 
for  the  basins;  and  it  has  been  considerable  if  it  is  the 
cause  for  the  depth  of  700  or  800  feet  noticed  in  Lakes  On- 
tario and  Michigan;  for,  as  has  been  pointed  out  before,  we 
have  to  account  for  deep,  broad  valleys.  Nearly  the  entire 
depth  of  each  of  these  lakes  must  be  accounted  for  by 
some  other  cause  than  river  erosion,  for  it  has  been  shown 
that  the  only  possible  valleys  markedly  below  the  lake 
levels  are  gorges,  and  hence  that  the  only  possible  deep 
preglacial  valleys  along  the  sites  of  the  present  lakes, 
and  markedly  deeper  than  the  present  water  surface, 
must  have  been  gorges  and  not  broad  basins.  So,  in 
order  to  account  for  the  basins  by  warping,  we  must  as- 
sume warping  to  nearly  the  full  extent  of  the  present 
lake  depth.  Of  such  marked  change  in  level  there  is  no 
evidence  either  in  the  strata,  or  in  the  tilted  beaches; 
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and    it    is    doubtful    if    such    warping    has    actually    taken 
place. 

In  various  parts  of  New  York  and  the  neighboring  States 
gorges  are  found,  which  some  writers  have  ascribed  to  in- 
terglacial  river  action,  others  to  the  immediately  preglacial 
uplift  which  rejuvenated  the  region.  It  is  a  significant  fact 
that,  although  these  deep  valleys  have  been  discovered 
along  the  lake  shore,  and  buried  gorges  appear  to  connect 
some  of  the  Great  Lakes,  there  is  no  sign  of  their  exist- 
ence on  the  lake  bottom,  as  we  might  expect  if  the  lake 
basins  were  due  to  warping.  While  this  is  not  necessarily 
proof  of  their  absence  along  the  lake  bed,  it  is  suggestive. 

So  far  as  I  am  able  to  interpret  the  facts  at  present 
known,  while  Superior  is  perhaps  located  in  a  structural 
valley,  and  Erie  very  probably  represents  a  broad,  shallow 
valley,  somewhat  obscured  by  glacial  deposit  and  trans- 
formed to  a  lake  largely  by  tilting  of  land,  and  while  both 
drift  filling  and  tilting  may  be  admitted  as  partial  causes 
for  the  other  lakes,  I  find  it  impossible  to  accept  the 
warped-basin  origin  as  the  primary  cause  for  the  lakes. 
This  leaves  as  the  sole  remaining  explanation  that  of  ice 
erosion.  By  this  theory  much,  if  not  most,  of  the  depth 
of  the  basins  is  ascribed  to  glacial  erosion,  operating  to 
enlarge  pre-existing  valleys  to  boat-shaped  basins. 

It  must  be  admitted  that  the  process  of  elimination  of 
other  theories  has  probably  not  been  complete  enough  to 
satisfy  their  supporters;  and,  perhaps,  in  this  brief  state- 
ment the  argument  has  not  been  as  clearly  stated  as  it 
might  have  been.  Enough  has  been  said,  however,  to 
show  that  there  are  grave  dillicnlties.  Let  us  see  if  the 
ice  erosion  theory  has  equal  objections.  The  argument 
against  this  theory  has  been  very  weak  in  the  main.  Con- 
trary to  opposing  statements,  the  stria1  ilo  run  in  favorable 
directions,  in  the  case  of  all  the  lakes  excepting  possibly 
Erie,  which  is  least  likely  to  be  a  rock  basin  of  ice  erosion 
origin.  Professor  Maypole's  argument  that  there  is  not 
enough  drift  beyond  the  lakes  to  account  for  the  basins 
through  ice  erosion  would  probably  not  now  be  repeated. 
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As  for  Ontario,  the  lake  concerning  which  I  would  espe- 
cially speak,  there  is  drift  enough  between  its  southern 
border  and  the  Pennsylvania  moraine,  and  directly  in  line 
with  it,  to  fill  it  many  times.  It  must  also  be  remembered 
that  a  vast  amount  of  the  ice  load  of  rock  fragments  went 
down  toward  and  even  into  the  ocean. 

Professor  Davis'  statement,  that  the  evidence  in  favor 
of  the  ice  erosion  theory  is  hardly  more  than  proof  of 
occupancy  of  the  basins,  scarcely  does  justice  to  New- 
berry's  argument.  Newberry's  point  that  we  have  here 
several  separated,  boat- shaped  basins,  although  never  fully 
elaborated  by  him,  is  a  point  which  must  be  considered 
as  strong  evidence  for  the  theory.  Spencer's  chief  argu- 
ment against  the  ice  erosion  explanation,  namely  that  ice 
cannot  do  this  work,  is  based  upon  a  personal  estimate  of 
the  erosive  power  of  ice,  which  he  gained  partly  from 
theory  and  partly  from  observation  on  the  margin  of  small 
Norwegian  glaciers.  One  can  scarcely  study  the  existing 
Greenland  ice  cap  ard  the  American  glacial  deposits  and 
still  hold  such  a  conception  of  the  weakness  of  ice  action. 
How  Dr.  Spencer  reconciles  his  conception  with  the  fact 
that  the  ice  removed  not  only  the  residual  soil  and  partly 
decayed  rock  over  large  areas,  but  also  much  of  the  fresh 
rock,  is  difficult  to  understand. 

I  have  often  wondered  whether  those  who  object  to  ice 
erosion  because  of  the  immense  work  required,  are  not 
sometimes  confused  by  the  exaggerated  vertical,  which  is 
so  often  used  in  cross-section.  I  have  heard  people  say  that 
they  did  not  believe  glaciers  were  able  to  come  down  into 
a  valley  and  dig  a  hole  there.  If  one  will  draw  a  cross- 
section  of  the  Ontario  or  the  Lake  Cayuga  "hole,"  or  will 
ascend  to  a  hill  overlooking  such  a  lake  as  Cayuga,  and 
see  what  a  mere  scratch  the  basin  is  compared  with  the 
valley  itself,  the  difficulty  of  the  ice  erosion  does  not  appear 
so  great,  as  I  well  know  from  repeated  experiments  with 
students  who  have  argued  against  the  theory  that  Lake 
Cayuga  is  a  rock  basin. 

In  the   long   continued   passage  of   the   ice  through   a 
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valley,  a  very  little  extra  work  done  locally,  where  the  rock- 
is  soft,  or  the  ice  deep,  or  its  current  more  rapid  than 
usual,  would  readily  excavate  a  basin.  Are  there  any  rea- 
sons for  believing  that  there  might  have  been  slightly  more 
work  done  in  the  valley  where  Ontario  now  stands?  The 
answer  to  this  seems  to  be  yes.  In  the  first  place,  then- 
is  the  difficulty  of  otherwise  explaining  it;  and,  in  the 
second  place,  there  is  the  fact  that  the  Great  Lakes  are 
grouped  in  a  place  where  the  ice  from  the  Labrador  region 
found  free  passage  out  over  the  south -sloping  plains,  which 
at  that  time  were  probably  more  freely  sloping. 

Coming  down  into  these  broad,  preglacial  valleys,  which 
have  possibly  been  deepened  by  canyon  cutting  in  their  bot- 
toms, as  the  result  of  the  preglacial  elevation,  the  glacier 
passed  through  them;  and  the  very  fact  that  they  were  val- 
leys gave  to  the  ice  greater  power  to  excavate,  as  one  may 
see  so  well  illustrated  in  the  rapidly  moving  valley  tongues 
from  the  Greenland  ice  cap.  The  rigidity  of  the  ice  would 
prevent  this  excavation  from  being  uniform,  and,  as  a 
result  of  this  irregularity  of  work,  rock  basins  would  result. 
In  the  case  of  Ontario  there  is  an  added  cause  for  deepen- 
ing at  the  exact  place  where  we  find  the  basin.  The 
Adirondack  mountain  mass  obstructed  the  southward  flow 
of  the  ice,  deflecting  some  down  the  Champlain  valley, 
but  much  more  to  the  westward,  so  that  the  Ontario  region 
was  occupied  by  ice,  coming  not  merely  from  the  north, 
but  also  from  the  northeast.  This  must  have  meant  more 
rapid  movement  and  hence  more  rapid  work  at  that  place. 

While  I  would  not  say  that  it  is  proved,  I  do  held 
that  the  ice  erosion  theory  is  the  one  to  wh'u-h  the  le;i-t 
serious  objections  have  been  offered.  It  seems  a  reason- 
able explanation  for  all  the  lakes,  excepting  Erie  and 
possibly  Superior,  and  has  best  stood  the  tost  of  investi- 
gation; so  well,  in  fact,  that  I  feel  warranted  in  putting 
it  forth  as  the  most  probable  of  all  the  various  theories, 
though  with  the  distinct  understanding  that  the  effects  of 
drift-filling  and  warping  are  ivrogni/rd  as  added  causes 
for  the  present  area  and  depth  of  all  the  lakes. 


CHAPTER    VIII 

POST-GLACIAL    HISTORY    OF    THE    GREAT    LAKES 

EARLY  OBSERVATIONS. — Indian  trails  in  New  York  were 
located  upon  a  gravel  ridge,  which  later  became  the  site 
of  a  road,  known  as  the  ridge  road.  This  gravel  ridge  was 
early  recognized  as  a  lake  beach.  For  instance,  Governor 
Clinton1  said  that  a  lake  evidently  once  covered  this  region, 
its  level  having  been  lowered  either  by  an  earthquake  shock 
or  by  the  enlargement  of  the  outlet.  Atwater2  stated  that 
Lake  Erie  was  .once  higher,  covering  the  prairies  of  the 
Ohio  region,  and  flowing  into  the  Ohio,  the  level  of  this 
lake  having  been  lowered  by  the  cutting  of  the  Niagara 
gorge.  Bigsby3  pointed  out  that  elevated  beaches  prove  that 
there  have  been  fluctuations  in  the  level  of  Lake  Huron, 
and  he  also  mentioned  the  elevated  beaches  near  the  shores 
of  Lake  Ontario,4  as  did  Captain  Basil  Hall,5  who  recog- 
nized that  Lake  Ontario  once  stood  higher. 

Whittlesey6  advocated  beach  origin  for  the  ridges  in 
Ohio,  but  pointed  out  the  difficulty  of  explaining  them,  be- 
cause of  the  absence  of  natural  barriers.  Later7  he  studied 
these  beaches  more  extensively;  and,  after  proving  that 
they  were  not  strictly  level,  concluded  that  they  therefore 
were  not  beaches,  but  probably  due  to  marine  currents, 
being  in  the  nature  of  bars.  The  same  author  later  studied 
the  beaches  of  the  Michigan  region,8  and  stated  that  the 

1  Coll.  of  the  Hist.  Soc.  of  New  York,  Vol.  II,  1811,  94-96. 

2Amer.  Journ.  Sei.,  I,  1819,  116-125.  This  is  opposed  by  Wells,  same,  331-337, 
and  by  Bourne,  same,  II,  1820,  30-34. 

3  Trans.  Geol.  Soc.,  London,  2d  Ser.,  I,  1824,  175-208. 

4  Phil.  Mag.,  2d  Ser.,  V,  1829,  6. 

5  Travels  in  North  America,  Edinburgh,  Vol.  I,  1829,  167-170. 
Second  Annual  Kept.  Geol.  Survey  of  Ohio  (Mather),  1838,  55. 

Outline  Sketch  of    Ohio,    1848    (from    Homer  Historical   Collections),   586-589; 

Journ.  Sei.,  LV,  1848,  205-217;  same,  LX,  1850,  31-39. 

Foster  and  Whitney's  Lake  Superior  Kept.,  Part  2,  1851,  270-273;  See  also  Whit- 
nan  Contributions  to  Knowledge,  XV,  1867,  Article  II,  17-22. 
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lower  ones  were  lake  beaches,  exposed  to  tin-  air  l>y  a 
lowering  of  the  outlet,  but  that  the  upper  ones  were  mon- 
ancient,  and  due  to  a  more  permanent  elevation  of  tin- 
water.  These  studies  of  Whittlesey's  were  the  enrli.-M 
ones  of  marked  value,  and  it  will  be  noticed  that  he  recog- 
nized some  important  features,  such  as  the  fact  that  the 
beaches  are  not  level.  Roy1  found  and  described  the  beach 
terraces  of  Canada  and  ascribed  them  to  inland  lakes 
whose  barriers  had  disappeared. 

In  New  York,  Hall2  described  the  lake  beaches  and  the 
ridge  road,  which  he  recognized  as  a  true  beach.  The  Erie 
terraces  were  also  mentioned;  and  the  terraced  deltas  of 
the  Cayuga  and  Seneca  valleys  were  explained  as  the  result 
of  former  water  levels,  though  he  was  doubtful  as  to  the 
exact  conditions  then  existing.  Hayes3  ascribed  the  beaches 
to  ocean  action,  and  Niagara  gorge  to  the  work  of  high 
and  powerful  tides.  Lyell,4  who  visited  the  terraces  in 
both  New  York  and  Canada,  in  the  latter  country  in  com- 
pany with  Roy,  and  in  New  York  with  Hall,  noted  their 
remarkable  general  levelness,  and  asked  how  the  barriers 
supposed  by  Roy  could  have  been  removed  without  dis- 
turbing this  levelness.  To  account  for  them  he  supposed 
that  they  were  marine,  and  that  the  land  had  been  elevated 
vertically  above  the  sea.  Some  terraces  were  believed  to 
be  beaches,  some  bars;  and  this  difference  in  origin,  to- 
gether with  variations  in  supply,  and  in  original  surface 
contour,  j>lns  a  slight  difference  in  amount  of  uplift,  lie 
believed  competent  to  account  for  the  measure  of  irregu- 
larity noticed. 

Laphanr"1  describes  the  lake  clays  near   Lake  Michigan; 

i  Pliil.  Mat;  .  XI,  is:::,  LMH-LM-J. 

!  Second  Kvpt.  Qeol.  New  York.  1838,  310  314;  348  350;  Geol.  "f  New  York,  ith 
Dist.,  iHi:!,  :',rj-:;:.t:  (Jia-dci1. 

Am.-r.  Jonrn.  Sci.,  XXXV,  I.-::1.',  n:.  lo:,. 

4  L'hil.    M:i!.'.,    XXI,    l.sl'J.   f,  I  *-:.:>:.:     I'roc.   Geol.  Soc.,  III.  .v.i:.:    1'lnl.  Hag.,   XXIII, 
1843,    183    Mi:    Am.-r.    .l..urn.    Sci.,   XLYI.     IMI.    Ill  I    317;     Tra\rN    in    North    AiniTi.'.-i. 
Vol.   I.   ISt.'i,  'J I :    \"c.l.    II,  85;     lOL'-lll.       Min-li    important    work    'l"ii>'    in  Canada    I.)    I.' 
Fleming    and    others,  anil    published    li|>nii    in    t  he  < 'atiad  ian    .li.urnal .   < 'aiiadian    Natnr- 

aINt,  :ind  i.lhcr  Canadian  |>nl.l  i«'at  inn-.   h:i-  in. I    l.i-.'ii  cxainiln'd.   I :iil-i-   I   liavi-  imt   li.-nl 

..~s   to   ~i-t^   of  tlic^i'  .lonrnaN. 

B  Amer.  Journ    Sci.,  I'd  Ser.,  ill.  ls»T.  no.  :u. 
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and  Agassiz1  proposed  to  account  for  the  terraces  which 
line  the  shores  of  Lake  Superior  by  assuming  a  change  in 
the  relative  elevation  of  the  lake  and  its  shore,  the  change 
being  in  the  land  itself,  not  in  the  water.  These  changes 
were  in  the  nature  of  paroxysms,  causing  frequent  varia- 
tions in  level,  and  the  cause  for  the  paroxysms  was  be- 
lieved to  be  the  intrusion  of  dykes,  of  which  large  numbers 
occur  on  the  shores  of  Superior. 

Desor2  advocated  marine  origin  for  the  beaches  of 
Superior  and  Ontario,  pointing  out  that  this  view  would 
also  account  for  the  various  levels ;  for  some  were  formed 
in  more  exposed  places  than  others,  and  some,  after  hav- 
ing been  formed,  were  destroyed,  while  others  were  really 
submarine  terraces  (cesars).  The  marine  origin  he  believed 
to  be  indicated  by  the  distinctly  marine  terraces  of  the  St. 
Lawrence  Valley,  in  which  marine  fossils  occur;  and  the 
changes  in  conditions  to  those  of  the  present  he  believed 
to  have  resulted  from  the  uplift  of  the  land.  On  the 
other  hand  Chapman,3  agreeing  with  Roy,  advocated  fresh 
water  origin  and  assumed  that  this  fresh  water  was  held 
in  lakes  raised  in  level  by  some  eastern  barrier. 

LATER  STUDIES. — With  the  studies  of  the  Ohio  Geological 
Survey  there  began  a  more  scientific  investigation  of  the 
shore  lines,  and  Newberry,4  as  a  result  of  his  studies, 
attributed  the  beaches  to  a  vast  inland  sea,  which  gradually 
contracted,  for  some  unknown  reason,  possibly  local  sub- 
sidence, or  erosion  along  channels  of  drainage.  He  sug- 
gested that  the  exact  cause  will  be  known  only  after 
careful  future  study,  which  calls  for  a  detailed  tracing  of 
the  several  ridges.  He  gave  one  of  the  first  clear  argu- 


1  Proc.  Amer.  Assoc.  Adv.  Sci.,  I,  1849,  68-70;  Lake  Superior,  Boston,  1850,  413- 
416;  Amer.  Journ.  Sci.,  2d  Ser.,  X,  1850,  98-101. 

2 Foster  and  Whitney's  Lake  Superior  Kept.,  Part  I,  1850,  194-218;  same,  Part  II, 
1851,  232-270;  Bull.  Geol.  Soc.  France,  VII,  1850,  623-630;  Bull.  Geol.  Soc.  France, 
VIII,  1851,  420-423. 

3  Phil.  Mag.,  XXI,  1861,  428-435. 

4  Proc.  Boston   Soc.  Nat.  Hist.,  IX,  1862-3,  42-46;    Geol.  Survey  Ohio.      Report, 

1869,  24-31;    Annals  New  York  Lyceum  Nat.  Hist.,  IX,  1870,  213-34;  Amer.  Nat.,  IV, 

1870,  193-214. 
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ments  for  the  lacustrine  origin  of  the  lake  ridges  as 
opposed  to  the  marine. 

Bannister,1  describing  the  beaches  of  Lake  Michigan 
near  Chicago,  referred  them  to  a  former  level  of  Lake 
Michigan  and  described  the  outflow  past  Chicago,  which  is 
still  recognized  as  a  former  outlet.  This  is  one  of  the 
best  early  pieces  of  work  upon  the  lake  shores.  Warren, - 
on  the  other  hand,  ascribed  the  beaches  of  the  Red  River 
valley,  and  some  of  the  changes  in  the  Great  Lakes,  to 
changes  of  land  level. 

It  was  as  an  assistant  to  Newberry  that  Gilbert3  began 
his  work  upon  the  Great  Lakes,  a  work  which  has  pro- 
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Fit;.   120.     The  moraines  ami  l>ea<-hes  of  the  Maimirr   \allcy  i<.ilt>rrn. 

ducc<l  such  important  results.  He  gave  us  the  first  detailed 
survey  of  a  kind  sufficiently  accurate  to  lie  used  in  later 
mapping  (Fig.  I'J(I).  In  connection  with  his  work  on  the 
Maumee  Valley,4  Gilbert  showed  that  the  beaches  must 


'Illinois  (Jeol.   Survey,    III.    IM;S.  Jlii-i'lJ 

-Annual   Kept.   Chief  of   Engineers,    IM;S.  307j    Aim-r.  .lourn.  8cl.  c\VI. 
116-431. 

<ieol.  Survey,  Ohio.   I,   1*70.    lss-l!G. 

Troe.   New  York    Lyceum    Nat.    Hi-t..   I.    IsTl.    IT.'.-lTs;    Ann  r     .Inurn.    S.-i.    '   I. 
1871.  339-345;  Geol.  Survey,   Ohio.   Vol.    I.    ]>;::.   537-56. 
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have  been  formed  in  lakes,  because  they  converged  toward 
the  outlet  channel  past  Fort  Wayne,  and  that  they  have 
been  tilted  since  their  deposit.  This  tilting  has  later  been 
used  as  proof  that  the  change  in  land  level  was  the  cause 
for  the  change  in  outflow  of  the  lakes  and  hence  for  the 
changes  in  the  former  lake  levels.  He  also  pointed  out 
that,  since  the  time  when  the  lake  water  dropped  from  the 
level  of  the  highest  beaches,  the  level  of  Lake  Ontario  has 
been  at  least  seventy  feet  lower  than  now.  This  paper  of 
Gilbert's  marks  a  very  distinct  advance  in  our  knowledge 
of  the  Great  Lakes  history. 

Another  assistant  to  Newberry,  Professor  Winchell,  was 
also  engaged  in  the  study  of  some  of  the  Ohio  terraces, 
some  of  the  lower  of  which  he  referred  to  beach  origin, 
others  to  glacial  moraines,  modified  by  water.  The  eleva- 
tion of  the  lake  waters  is  ascribed  to  the  freezing  up  of 
all  the  outlets.  Winchell  inaugurated  the  policy  of  giving 
names  to  the  various  lake  ridges.1  The  ridges  were  still 
further  studied  and  described  by  Orton2  and  by  Read3 
also  of  the  Ohio  Survey. 

In  a  foot-note  to  Gilbert's  paper,  Newberry4  makes  the 
suggestion  which  Gilbert  and  most  other  workers  have  since 
accepted.  He  says,  "In  the  discussion  of  these  facts  cited 
by  Mr.  Gilbert,  and  others  of  similar  character,  it  should 
be  remembered  that  the  retreating  glacier  must  have,  for 
ages,  constituted  an  ice  dam  that  obstructed  the  natural 
lines  of  drainage,  and  may  have  maintained  a  high  surface- 
level  in  the  water- basin  which  succeeded  it."  Since  then5 
this  theory  has  been  more  fully  stated  ;  and  Newberry, 
Gilbert  and  others  have  accepted  it,  first  as  a  working- 
hypothesis  and  later  as  a  well-established  explanation. 

By  the  subsequent  work  of  a  number  of  writers  a  very 

'Winchell,  Proc.  Amer.  Assoc.  Adv.  Sci.  XXI,  1872,  152-186;  Geol.  of  Ohio,  II, 
1874,  56;  431-433. 

2 Geol.  Survey  of  Ohio,  I,  1873,  425-434;  438-449;  455-462. 

3  Geol.  Survey  of  Ohio,  I,  1873,  488-492;  516-519. 

4  Geol.  Survey  of  Ohio,  I,  1873,  552. 

5  Geol.  Survey  of  Ohio,  II,  1874.  21-65;  72-80;  Proc.  New  York  Lyceum  Nat.  Hist.. 
II,  1874,  136-138;  Geol.  Survey  of  Ohio,  III,  1873,  33-51;  Proc.  Amer.  Phil.  Soc.,  XX. 
1882-3,  91-95. 
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large  body  of  fact  has  been  obtained,  Chamberlin,1  de- 
scribing the  beaches  of  Lake  Michigan,  slated  that  they 
were  due  to  fresh  water  lakes,  caused  by  land  movement, 
the  proof  of  this  being  the  lack  of  uniformity  in  the  level 
of  the  beach  ridges. 

Claypole2  accepted  the  ice-dam  theory  and  stated  his 
views  concerning  the  mode  of  retreat  of  the  ice  cap  and 
the  formation  of  the  resulting  lakes.  Dryer3  described  in 
detail  some  of  the  beaches  in  Indiana,  and  Lawson4  made 
a  very  complete  statement  concerning  the  beaches  along  the 
northern  shore  of  Lake  Superior.  He  questioned  the  gla- 
cial dam  theory  and  proposed  warping  to  account  for  tin1 
changes  in  outlet  which  have  caused  variations  in  level. 

Spencer,  one  of  the  pioneers  in  the  study  of  the  Great 
Lakes,  has  gathered  a  large  body  of  fact  and  added  a 
great  deal  to  our  knowledge  concerning  the  (Jreat  Lakes."1 
He  ascribed  the  former  high -water  levels  to  marine  action, 
though  in  this  view  he  now  stands  practically  alone.  Not 


i  Geol.  Survey  of  Wisconsin,  II,  1877,  219-2:Cf. 

-The  Lake  Age  in  Ohio  (from  Trans.  Geol.  Soc.,  Edinburgh),  1887. 
42  pp. 

:t  Indiana  Geol.  Survey.  Kith  Report,  1889,  98-126;  same,  17th  Report.  1892, 
114-134;  KiO-170;  same.  18th  Report,  1894,  17-::2;  72-90.  Studies  in  Indiana  Geog- 
raphy, Terre  Haute.  1897.  42-52. 

4  Twentieth  Report.  Minnesota  Geol.  Survey,  1891,   181-289. 

5See   Spencer.  Proc.  Anier.  Phil.  S<»..,   1880-81,   XIX,  ::oii-:;::7;    S;,IM.-.    iM    <;,-,, |. 

Survey    Pennsylvania.    Report    l}*^^^    's's' •    .'!.~>7- tod;    Proc.    Amer.    AS-.,,,-.    Adv.    Sri., 

1881.  XXX,  i::l-lir,;  Proc.  Ann  r.  Ass,,,-.  Adv.  s,-i..  !>>•_'.  XXXI,  359  363;  Amer.Jonrn. 
Sci..  CXXIV,    Ihh2,  409-416;    Ueol.    Mai:.,    IV.    Is.sT.    Ki7-17:t:     Anier.    Nat..    XXI.    1- 
M.s-171;   Proc.  Anier.  Assoc.  Adv.  Sri.,  XXXVII.  1888,  l'.'7-r.i'.';   Science,  XI.  [888,  I'-1: 
Bull.  (ieoi.  Soc.  Anier..  1,  1889,65-70;    Trans.  Roy.  Soc.  Canada,  VII.   1889,  Sec.  IV, 

121-134;    Hull.  <ieol.  Soc.  Amer.,   I.   Is.s'.l,  71    SC,;    (^uart.  .loiirn.  (Jeol.  SOC.,   Is'.in.   \|.\  I, 

f>2::-.~>:i:i;  Amer.  .loiirn.  Sci.,  CXL,  1890,443-451;  Araer.  Geol.,  VI,  IV.MI.  2-.M:  Amer. 
.lourn.  Sri.,  CXLI,  1*91,  12  21;  Amer.  (i. •..!.,  VII.  is-.ii.  si,  97;  Amer.  Geol.,  Vll.  IMH. 
266;  Amer.  Journ.  Sri..  CXLI,  1M»I.  201-211;  Hull.  ( ieol.  So,-.  Anier..  1 1 .  1891,465  I7ii; 
(ieol.  Ma-..  VIII,  1SIII,  262-272;  P.illl.  <ieo|.  SOC.  Anier..  III.  I  >;••_>.  l>,s  |;i  I;  |M|  ; 

494-495;   Anier.  Qeol.,  XV.  ivn,  i:::, -i.'tii;    Pr,,r.  Amer.  Assoc.  Adv.  Sci.,  Xl.lll.  is:n, 

2::7   243;    Amer.  Geol.,   XIV.   1894,289-301;    Pro.-.  Amer.   As,,,,-.  Adv.  Bel.,   Xl.lll.    Is'U. 
244-2JI!;   Amer.  Journ.   Sri..  ( 'X  LV 1 1 1 .   Is'.M.   »:,:,   172:   Amer.  Nat.,   XXVIII,   1894,  - 
Amer.    Journ.    Sci.,    CXLVII,    18-.U.    207-212;    Proc.    Ifoy.    Boc.,    I.VI.    ls:n.    146   148; 
Eleventh    Report,   Niagara   Comm..   Is'.!.",.  A  ppi-nd  i\.    12il   ]ip.   i  K'eprint    of  a   nnmKrr   of 
papers  i  :    Popular   Sri.    Monthly,  XLIX.   Is'.n;.    l.",7    172:    Pror.    Amer.   ASSMC.  Adv.    s 
XLI\',    IS-.H;,    i:;-.t  ;    Amer.   Ceol..   XXI.    L898,    no  123.      Because   of   tln>   i.ri,  > 

nvailalde.   it     is     impos-.il, ]p    t»    Btftte     Spencer's    view-     more     fully    or    to    rehr    n 
speritirally    to    each    of    his    rout  rilillt  ion  -  . 
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only  does  he  refer  to  this  origin  beaches  which  others  dis- 
tinctly recognize  as  such,  but  also  certain  more  elevated 
deposits  of  stratified  drift  which  other  observers  do  not 
consider  to  be  beaches.  It  is  Spencer's  belief  that  there 
has  been  a  very  widespread  and  prolonged  submergence 
of  the  land.  He  himself,  together  with  other  workers,  has 
shown  that  there  has  been  extensive  warping,1  which  has 
aided  in  the  final  dismemberment  of  the  great  water  bodies 
and  formed  the  present  Great  Lakes.  Many  of  the  lake 
stages  which  Spencer  has  worked  out,  and  to  which 
he  has  given  names,  are  now  recognized  and  accepted, 
though  in  some  cases  the  construction  which  he  has 
placed  upon  facts  differs  from  that  placed  upon  them  by 
others. 

>  Taylor  has  made  careful  studies  in  the  region  around 
the  shores  of  the  various  lakes,  and  has  given  us  a  body 
of  fact  of  great  importance.2  From  his  studies  he  was  at 
first  led  to  explain  the  beaches  as  the  result  of  marine 
submergence,  which  extended  over  the  entire  Great  Lakes 
region  into  the  Red  River  Valley,  and  northward  to  Hudson 
Bay  (Fig.  127).  The  upper,  earlier  beaches,  connected  with 
overflow  channels,  were  thought  to  have  been  caused  by 
glacial  dams;  but  the  strongly  developed  beaches  lower 
than  these,  were  believed  to  have  resulted  from  marine 
submergence,  while  certain  recent  changes  were  ascribed 
to  tilting  of  the  land,  of  which  he  states  proof.  In  1896, 
however,  Taylor3  announced  his  conversion  to  the  glacial- 


1  As  has  been  pointed  out  before,  this  warping  was  early  recognized;  but  for  an 
excellent  general  statement  of  this  subject  see  de  Geer,  Proc.  Boston  Soc.  Nat.  Hist., 
XXV,  1892,  454-477;  Amer.  Geol.,  XI,  1893,  22-44. 

2Amer.  Journ.  Sci.,  CXL1II,  1892,  210-218;  Bull.  Geol.  Soc.  Amer.,  V,  1894, 
620-626;  Amer.  Geol.,  XIII,  1894,  316-327;  same,  XIII,  365-383;  same,  XIV,  273-289; 
Amer.  Journ.  Sci.,CXLIX,  1895,69-71;  Amer.  Geol.,  XV,  1895,  24;  Amer.  Jourii.  Sci., 
CXLIX,  1895,  249-270;  Amer.  Geol.,  XV,  1895,  100-120;  162-179;  394;  same,  304-314; 
Amer.  Geol.,  XVII,  1896,  253-257;  same,  XVII,  1896,  397-400:  Inland  Educator,  II, 
1896;  Studies  in  Indiana  Geography  (Dryer),  Terre  Haute,  Indiana,  1897,  90-110; 
Amer.  Geol.,  XVIII,  1896,  108-120;  Bull.  Geol.  Soc.  Amer.,  VIII,  1897,  31-58;  Amer. 
Journ.  Sci.,  CLIII,  1897,  208;  Amer.  Geol.,  XIX,  1897,  392-396;  Amer.  Geol.,  XX,  1897, 
65-66;  111-128;  Proc.  Amer.  Assoc.  Adv.  Sci.,  XLVI,  1897,  201-202;  Bull.  Geol.  Soc. 
Amer.,  IX,  1898,  59-84. 

3  Amer.  Geol.,  XVII,  1896,  253-257. 
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dam  theory,  thus  removing  oiie  of  the  two  chief  supporters 
of  the  hypothesis  of  inariue  origin. 

Uphain  has  added  many  facts  to  our  knowledge  of  tin- 
postglacial  history  of  the  Great  Lakes.1  He  has  vigorously 
upheld  the  ice-dam  theory,  aud  has  described  tin-  outlet 


Fio.  127.     Taylor's  map  showing  the  conception  that  he  at  first  had  concerning  the 
supposed  marine  origin  of  the  beaches  of  the  Great  L;ik>-x'   n^ion. 

of  the  higher  Lake  Superior  waters,  as  w<>ll  as  the  1  teaches 
around  the  shores  of  Lake  Superior  and  elsewhere.  II. • 
has  also  stated  fully  his  interpretation  of  the  succession  <>t' 
events  connected  with  the  withdrawal  of  the  ice  sheet  from 
the  Great  Lakes'  basins.  Fphani  has,  in  addition,  given 
us  that  classic  monograph  upon  u'lacial  Lake  Agas>i/.  the 
most  remarkable  of  the  ice-dammed  lakes. - 

Gilbert,  who   gave  us  the    first    full    study  of   a   portion 


1  I'roc.  Amer.  A8SOC.  Adv.  Sri.,  XXXII.  1883,  230;  r'innl  Report.  Minne~..t:i  ii,-,.l. 
Survey,  II,  i**s,  ti fj-ti t:: ;  Hull,  (i.-.l.  Soc.  Amer.,  I.  IMM>.  563  567;  same,  II.  i-'.'l. 
•_'.->S-L>I;;,;  same,  III.  1  «'.»•_'.  «h»-4«7:  Twenty-second  H.-i-Tt,  .Minn.'-.-i.-i  Qeol.  Survi 
ls!H,  :.i-i;i;;  Nntin-f,  l,.  i.s'.n.  las-i'.iii;  AIII.T.  Geol.,  XIV.  I-'.M.  r,-_'  65;  E»roo.  K-.M-IH-HT 
Ac-id.  S«-i.,  II,  lH!i:,,  l'.if,-i'is;  Tw.'nty-tliinl  KV|».rt.  Minii<-..t:i  Qeol.  Survey,  1896, 
].-.i;-l!i:!;  Bull.  Geol.  Soc.  Amer.,  VI,  is-.c,.  21-27;  A r.  Journ.  Sci.,  CXMX, 

1-Ih;     AIIIIT.    Cf.d.,    XV,    ].-!i.",,    :!'.li;-::'.i'.»:     Mull.    U.-o|.    S.ic.    AIIHT..   \"ll.    1891 

Ami-r.  Gcol..  XVII.  IV.H;,  238-241;  Amer.  Qeol.,  XVIII.  1896,  I «•.'.'  177;   M-imc.  x\v. 
U.  s.  Geol.  Survi-y.  !*!»<;,  -.'.v.-jcj ;  Mull.  Qeol.  Soc.  Amer.,  i\.  i-'1-.  i"i-ilo. 
2Monog.    XXV,  r.  s.  c.-oi.  survey,   i.^-.it;.     in  tins  referenoea  '•>  bi>  prr\ 

articles  on  (ihicial   L.-iU.-    \L.'.i--i/.  ciin  !"•  fmind. 
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of  the  Great  Lakes'  beaches,  has  by  later  investigation  con- 
tributed a  great  deal  to  our  knowledge  of  the  eastern  lakes.1 
He  has  traced  the  Ontario  shore  line  in  New  York  (Fig. 
128),  and  pointed  out  its  relation  to  the  Mohawk  outflow: 
he  has  proved  that  the  land  has  been  tilted  since  the 
beaches  were  formed,  and  that  it  is  probably  even  now 
rising.  Gilbert  has  also  stated  that  Ontario  was  formerly 
lower  than  now,  and  that  the  volume  of  Niagara  has 
changed  as  a  result  of  the  variation  in  outlet  of  the 
Great  Lakes  (Figs.  129  and  130).  He  has  pointed  out  that 


FIG.  128.     Gilbert's  map  of  glacial  lake  Iroquois. 

the  Ontario  shore  line  disappears  on  the  northern  flank  of 
the  Adirondacks,  as  if  there  had  been  at  that  place  some 
dam,  like  an  ice  dam,  which  held  up  the  lake  waters  (Figs. 
128  and  129).  He  has  also  proved  the  existence  of  former 
channels  in  New  York,  caused  when  the  waters  were 
escaping  toward  the  Mohawk  outflow.2 


!See  Science,  VI,  1885,  222;  Proc.  Amer.  Assoc.  Adv.  Sci.  XXXV,  1886,  222-3; 
Science,  VIII,  1886,  205;  Forum,  V,  1888,  417-428;  Sixth  Kept.  Niagara  Comm.,  1890, 
61-84;  Smithsonian  Rept.  1890,  231-257;  Internat.  Congress  Geologists,  5th  Session, 
(1891),  Washington,  1893,  455-458;  Bull.  Geol.  Soc.  Amer.,  Ill,  1892,  492-493;  same, 
493-4;  Amer.  Journ.  Sci.  CL,  1895,  18;  Bull.  Geol.  Soc.  Amer.,  VI,  1895,  466;  Amer. 
Geol.,  XVIII,  1896,  231;  Physiography  of  the  United  States,  1896,  203-236;  Bull.  Geol. 
Soc.  Amer.,  VIII,  1897,  285-286;  Nat.  Geog.  Mag.,  VIII,  1897,  233-247;  Eighteenth 
Annual  Report  U.  S.  Geol.  Survey,  1898,  595-647. 

2  Bull.  Geol.  Soc.  Amer.,  VIII,  1897,  285-286;  see  also  Quereau,  same,  IX,  1898, 
173-182  and  Davis,  Popular  Sci.  Monthly,  1894,  218-29. 
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FIG.  129.     Gilbert's  map  of  the  Great  Lakes  during  the  time  when 
the  St.  Lawrence  was  ice-blocked. 

Leverett1  has  done  much  painstaking  work  on  the  shore 
lines,  especially  of  Erie  and  Michigan,  and  has  added  a 
great  deai  to  the  glacial  dam  theory  by  pointing  out  the 
relation  between  the  fraved-out  ends  of  beaches  and  the 


;.  l.'il).     Gilbert's  in:i|>  <>f  (In-.-ii    !,ak,  -   after  the  ice   li:i-l   I'-l'i   ilif  Si.  Law- 
rence and   before  tlic  upper  ;unl    luwt-r  lake-,  \vi-n-  tin:ill\   connected. 

glacial   inor.-iiiics.      During  his   studies   in  (  Hii<»,  ( Jilhcrt    had 
noted    tlic    disappearance    of    the    Erie    beaches    to\\;inl    the 

'Trans.   \Vis,-,,ii->in   A.-.-i.l.   8ci.,   \'ll.    l.s,-'.i.    177  I'.'J:    same,    \"lil.    189  .:iO: 

AJIKT.  .1. .urn.  Sci.,  CXLIII,  iv.u. -JM  :!ni;  same,  <'L.   l-.'">.   I  20;  Chicago  Acad. 
(Geol.  and  N;it.   Bist.  Survey.   Bull.  2]   1897,55  86;    ^mer.  Qeol.,   \\l.  1898,  195-199. 
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FIG.  131.    Leverett's  map  of  beaches  and  moraines  of  Ohio. 

east,  and  he  later  proved  that  the  same  feature  existed 
along  the  Ontario  shore  in  the  Adirondack  region.  Sug- 
gesting to  Leverett  the  probability  of  the  discovery  of 
moraines  where  the  beaches  disappeared,  moraines  were 
looked  for  and  found  by  Leverett,  and  their  relation  to  the 
beaches  stated  (Fig.  131). 

In  New  York  Fairchild1  is  at  work  on  the  early  stages 
of  the  glacier- dammed  lakes;  and  by  his  studies  he  has 
proved  the  existence  of  numerous  small  lakes,  with  southern 
outlets,  before  their  waters  were  united  to  cause  the  larger 
glacial  lakes  described  by  others.2 

'Bull.  Geol.  Soc.  Auier.,  VI,  1895,  353-374;  same,  462-466;  same,  VII,  1896, 
423-452;  same,  VIII,  1897,  269-284;  same,  X,  1899,  27-68.  See  also  Watson,  New 
York  State  Museum  Report  51,  1897,  Part  I,  r55-r!77. 

2  For  other  articles  relating  to  the  post-glacial  history  of  the  Great  Lakes,  see 
Claypole,  Amer.  Nat.,  XX,  1886,  856-862;  Wright,  Proc.  Amer.  Assoc.  Adv.  Sci. 
XXXVIII,  1889,  247;  Bull.  Geol.  Soc.  Amer.,  IV,  1893,  423-425;  Davis,  Amer.  Geol. 
VI,  1890,  400;  Amer.  Geol.,  VII,  1891,  139;  Popular  Sci.  Monthly,  1894,  218-229;  Bell, 
Bull.  Geol.  Soc.  Amer.,  IV,  1893,  425-427;  Hill,  Amer.  Geol.,  XIV,  1894,  405;  Shaler, 
Bull.  Geol.  Soc.  Amer.,  VI,  1895,  151-152;  Mudge,  Amer.  Journ.  Sci.  CL,  1895,  442- 
445;  Tarr,  Bull.  109,  Cornell  Univ.  Agric.  Experiment  Station,  1896,  90-122;  Winchell, 
Amer.  Geol.,  XIX,  1897,  336-339;  Elftman,  Amer.  Geol.,  XXI,  1898,  101-109;  Brigham, 
Bull.  Geol.  Soc.  Ainer.,  IX,  1898,  183-210;  Russell,  Bull.  Amer.  Geog.  Soc.,  XXX, 
1898,  226-254. 
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CONSIDERATION  OF  THE  THEORIES. — With  this  brief  state- 
ment of  the  progress  of  ideas,  and  tin-  references  to  tin- 
writings  of  the  chief  workers,  I  shall  now  attempt  to  state 
what  seems  to  me  to  be  the  most  probable  po>t-];ici;il 
history.  Here  again,  as  in  the  preceding  chapter,  it  is 
to  be  understood  that  I  make  full  use  of  all  the  literature 
referred  to,  as  well  as  of  some  studies  of  niy  own,  and 
from  these  draw  such  conclusions  as  appear  to  me  to  be 
warranted. 

The  raising  of  laud  barriers  to  the  northeast,  which  was 
early  suggested,  is  no  longer  held;  and,  if  it  were,  it  could 
be  easily  disproved,  the  best  proof  against  it  being  tin- 
absence  of  beaches  where  the  land  barriers  would  have 
existed.  The  present  lake  ridges  gradually  disappear  to- 
ward the  east,  as  if  the  barrier  or  dam  forming  the  lakes 
had  been  destroyed.  The  mere  lowering  of  a  land  barrier 
would  not  destroy  the  beaches  that  were  formed  against  it. 

Concerning  the  marine  hypothesis,  the  arguments  in 
favor  of  it,  so  far  as  I  am  able  to  find,  are  first,  the  sup- 
posed discovery  of  evidence  of  high  shore  lines,  so  high 
that  ice  dams  could  not  by  any  possibility  explain  tln-m. 
It  is  to  be  noted  that  some  of  these,  as  those  in  the  Cayuga 
and  Seneca  valleys,  are  directly  connected  with  overtlow 
channels,  as  shown  by  Gilbert,  Wright,1  FaiivhiM,  and 
Watson,  while  others  of  the  supposed  marine  deposits  are 
ascribed  by  most  glacialists  to  glaeio-flnviatile  origin,  and 
not  to  marine  action.  Few  geological  hypotheses  ivst  upon 
a  more  insecure  basis  than  that  of  deep  postglacial  sub- 
mergence of  northeastern  America,  as  upheld  by  Spencer 
and  others.  Until  much  better  evidence  of  it  is  brought 
forward,  it  need  not  seriously  influence  our  discus-ion  con- 
cerning the  history  of  the  Great  Lakes. 

A  second  point,  proposed  by  Spencer,'-'  is  that  an  Lee 
dam  is  incapable  of  holding  back  such  volume-  ,,f  water. 
Such  an  argument  is  not  very  strong,  .'specially  if  tin-re  is 
good  evidence  that  ice  dams  <inl  hold  back  water  bodies  nf 


1  I'roc.  Amor.  Assoc.  A.lv.  s,-i..  XXXVIII.  1889,247 

2  Geol.  Mag.,  VIII.  ism,  jr,.1  272. 
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large  size.  Most  glacialists  believe  that  a  great  and  deep 
ice  sheet,  occupying  the  entire  St.  Lawrence  Valley,  is  a 
sufficiently  strong  dam  to  hold  a  large  lake  in  check;  and 
this  belief  is  greatly  strengthened  by  the  almost  certain 
evidence  of  the  existence  of  such  a  dam. 

A  third  point  advanced  in  favor  of  the  marine  hypothesis 
is  the  fact  that  there  are  marine  beaches  in  the  Hudson, 
Lake  Champlain,  Ottawa  and  St.  Lawrence  valleys,1  in 
which  marine  fossils  are  found.  Against  the  correlation 
of  these  distinctly  marine  beaches  with  those  of  the  Great 
Lakes  is  the  fact  that,  although  the  marine  deposits  and 
the  lake  beaches  are  both  well  developed  in  their  respective 
localities,  there  has  been  no  direct  connection  traced  be- 
tween them,  although  it  has  been  attempted  by  several 
observers.  No  marine  fossils  have  been  discovered  in  the 
lake  beaches,  although  such  fossils  abound  in  the  marine 
beaches  further  down  the  St.  Lawrence  Valley;  but  this 
absence  of  fossils  is  explained  by  the  advocates  of  the 
marine  hypothesis  on  the  assumption  that  this  great  arm 
of  the  sea  contained  either  fresh  or  brackish  water,  or  else 
that  the  marine  fossils  did  not  have  time  enough  to  enter 
it  from  the  sea.2 

The  existence  of  marine  forms  at  present  living  in  the 
Great  Lakes3  is  also  argued  in  favor  of  marine  invasion; 
but  if  this  proves  anything,  it  proves  merely  that  salt  water 
entered  the  basins  at  one  stage,  which  may  be  readily 
granted,  without  attempting  to  explain  all  the  beaches  by 


1  See  Merrill,  Trans.  New  York  Acacl.   Sci.,  IX,   1890,  78-83;  Amer.  Journ.  Sci., 
CXLI,    1891,   460-400;    Davis,     Proc.    Boston    Soc.    Nat.    Hist.,  XXV,    1891,    318-34; 
Hitchcock,    Geol.    of   Vermont,   Vol.    I,    18C1,    93-167;    Baldwin,   Amer.    Geol.,   XIII, 
170-184;    Logan,    Canadian    Geol.    Survey,    1803,    896-930;    Dawson,    Amer.    Journ. 
Sci.,  CVIII,  1874,  143;  The  Canadian  Ice  Age,  Montreal,  1894  (with  reference  to  the 
literature);  Ells,  Bull.  Geol.  Soc.  Amer.,  IX,  1898,  211-222.     This  is  by  no  means  a 
complete  list  of  references  on  this  subject;  but  from  these  other  references  may  be 
obtained. 

2  Spencer,  Proc.  Amer.  Assoc.  Adv.  Sci.,  XXXI,  1882,  359-303;  Geol.  Mag.,  VIII, 
1891,  262-272;  Amer.  Geol.,  XV,  1894,  135-136. 

3  Hitchcock,    Proc.    Amer.    Assoc,    Adv.    Sci.,    XIX,    1870,    175-181;     Stimpson, 

Nat.,  IV,  1870,  403;  Smith,  Annual  Kept.  U.  S.  Fish  Comm.,  1870-3,  643-644; 
Nicholson,  Ann.  and  Mag.  Nat.  Hist.,  Ser.  IV,  X,  1872,  276-285;  Chamberlin  in 
Geikie's  Great  Ice  Age,  3d  Ed.  1894,  769. 
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marine  action.  Moreover,  if  tliis  marine  fauna  of  the 
lakes  is  due  to  an  incursion  of  the  sea  while  tin-  beaches 
were  forming,  it  is  ratlin-  remarkable  that  no  remain-  ,,f 
such  a  fauna  have  been  discovered  in  the  present  beaehes.1 

There  seems  very  little  in  favor  of  the  marine  hypoth- 
esis, and  there  are  numerous  facts  against  it,  and  in 
favor  of  ice  dams,  which  have  never  yet  been  satisfactorily 
answered.  One  of  the  strongest  objections  to  the  marine 
hypothesis  is  that  the  beaches  end  toward  the  east,  as  if 
the  waves  had  worked  there  against  some  dam,  like  ice, 
which  could  not  record  their  work  after  the  ice  had  gone. 
It  is  true  that  Spencer  claims  that  the  beaches  do  not  end 
as  reported,2  and  that  the  moraine  accumulations  near 
their  ends  are  not  in  reality  connected  with  them.  It  is 
too  early  to  pronounce  a  final  opinion  upon  this  latter  di  — 
puted  point,  for  naturally  the  ends  of  beaches  in  an  ice- 
dammed  lake  will  not  be  abrupt,  but  gradual  and  dillieult 
to  locate  definitely;  and,  moreover,  moraines  built  during 
the  recession  of  an  ice  sheet,  while  the  front  stood  in  a 
lake,  might  well  fail  to  be  formed,  or  else  might  have  been 
formed  with  a  very  indefinite  development. 

With  reference  to  Spencer's  claim  that  the  beaehes  do 
not  end  as  reported,  it  is  noteworthy  that  in  one  case  where 
Spencer  has  claimed  to  have  continued  the  beaches  beyond 
the  supposed  end,  both  (Jilbert  and  Taylor, :  \\orking  in 
the  field  in  company  with  Spencer,  have  not  been  able  to 
recognize  his  beaches,  although  they  were  pointed  out  by 
their  discoverer.  (Jilbcrt  and  Taylor  explain  by  other 
causes  than  wave  action  the  deposits  assumed  to  l.e  beach.-- 
by  Spencer.  It  seems  fair,  therefore,  to  hold  to  the  belief 
that  the  beaches  do  come  to  an  end  where  claimed,  sine,- 
all  the  workers  in  Hie  field,  excepting  one,  have  reached 

'Since    this    was    ]>rintt-<l,  then-    hns    ;i|>)ii-:iivd    mi     iiii]H'rt:mt    |>M|HT    l>\     <,.],in.-m 
(Bull.  ( Jrol.  So.-.  Atncr..  X.   iv.n,   ir.:>-17l')),  in  whi.-h    it    i>   Miiin.iiii.-i'. I    lli:il    fntl 
fossil.-,    liavc    lii'i'li    ilNcovrivil    ill    tin-    i-l.  \  .-il.-.l    IH-M.-IM-S    :il    T'Tolil". 

-. \nn-r.  Qeol.  \'I.  iK'.iii,  L'lM;  Hull.  <ii'..l.  s...-.  . \i,,.r.,  ill.  1892,  I—  191;  194; 
Anii-r.  i. ml..  XXI,  l.vts.  mi  I-1::.  Si-.-  Leverett'a  r.-|.l>  t..  l.-.~t  in  AMMT.  i;.-..l..  XXI. 
1898,  195-I'.''.'. 

3  See  S|..-IH-«T.  I'.ull.  Qeol.  Soc.  Amer.,  III.  1892,  188  t'.'i:  ru  See  M!-..  r.-|.|y  i.y 
t,  same,  192-493;  also  Taylor,  AHI.T.  Geol.,  XIX.  IMC. 
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this  conclusion  as  the  result  of  their  observations;  and  if 
this  conclusion  is  correct,  then  the  ice -dam  theory  is 
strongly  supported.  Indeed,  the  very  fact  that  Spencer 
himself  admits  that  the  connecting  beaches,  if  they  really 
exist,  are  indistinct,  while  elsewhere,  both  on  the  seaward 
and  landward  side,  they  are  strongly  developed,  argues 
against  the  marine  hypothesis. 

Then,  also,  the  overflow  channels  furnish  an  unanswered 
and  apparently  unanswerable  argument  against  the  hypoth- 
esis that  the  beaches  were  formed  in  arms  of  the  sea; 
for  it  seems  evident  that  rivers  have  flowed  out  through 
these  channels  from  the  landward  toward  the  seaward  side ; 
and,  as  Davis  states,  it  is  difficult  to  understand  how  a 
river  could  flow  from  one  arm  of  the  sea  to  another.  The 
shore  lines  converge  toward  these  outlets  from  the  north 
and  are  strongly  developed  on  the  lake  side,  but  have  not 
been  shown  to  exist  on  the  opposite  side,  and  in  some 
cases  are  certainly  not  present  there.  Where,  then,  are 
the  shore  lines  that  must  have  been  formed  on  the  southern 
side  of  the  St.  Lawrence  divide  if  the  sea  covered  that 
land  ?  Although  Spencer  has  attempted  to  answer  this 
objection  of  Davis' s,  his  reply  does  not  seem  satisfactory.1 

Everything  indicates  that  the  former  high  levels  of  the 
Great  Lakes  were  due  to  ice  dams,  as  first  suggested  by 
Newberry;  and  the  proof  of  this  theory  is  so  strong  that 
opinion  is  now  all  but  unanimous  in  favor  of  its  acceptance. 
It  is  nearly  established  as  a  fact,  though  for  a  while  should 
probably  be  considered  still  as  a  working  theory.  Accept- 
ing this,  then,  as  a  probable  explanation,  I  will  briefly  state 
the  history  of  change  from  the  first  beginning  of  the  with- 
drawal of  the  ice  sheet  to  the  present  condition  of  the  lakes, 
so  far  as  this  history  has  been  worked  out,  following  in  this 
discussion  chiefly  the  interpretations  of  Gilbert  and  Taylor.2 

See  Davis,  Amer.  Geol.,  VI,  1890,  400;  same,  VII,  1891,  139;  Spencer,  same, 
266;  Bull.  Geol.  Soc.  Amer.,  Ill,  1892,  491-492;  495;  Gilbert,  same,  493-494;  Spencer, 
Proc.  Amer.  Assoc.  Adv.  Sci.,  XLIV,  1896,  139. 

2  Gilbert,  Sixth  Annual  Kept.  Niagara  Comm.,  1890,  61-84;  Physiography  of 
United  States,  1896,  203-236;  Taylor,  Studies  in  Indiana  Geography  (Dryer),  Terre 
Haute,  1897,  90-110. 
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THE  ICE-DAMMED  LAKES.  — During  its  southernmost  ex- 
tension the  glacier  covered  all  the  basin  of  the  (Jivat  Lakes 
system.  As  the  ice  sheet  encroached  upon  the  region,  it 
must  have  formed  numerous  marginal  lakes,  though  of 
these  no  records  have  yet  been  discovered.  \Vhen  the  ice 
cap  finally  began  to  withdraw,  it  retreated  northward  and 
northeastward,  uncovering  first  of  all  the  southern  portions 
of  the  drainage  area.  In  these  north-sloping  stream  val- 
leys, tiny  lakes  existed, 
growing  in  size  as  the 
ice  dam  took  successively 
more  and  more  northerly 
positions.  The  map  (Fig. 
132)  shows  the  approxi- 
mate location  of  three  of 
the  largest  of  these  lakes. 
Within  the  State  of  New 
York  such  lakes  existed 
at  a  later  time  in  the 
Geuesee,  Seneca,  Cayuga 
and  other  valleys. 

As  the  ice  dam  melted 

further    back,    lower    out-     ,,,,;.  13,.   T;(vkll,s  II1!lp  of  ,„,,,,  [ce  ma 
flows  were  discovered,  and  lakt's 

the  level  of  the  lake  waters  fell.  At  the  same  time  some 
of  the  small  marginal  lakes  successively  coalesced  and 
flowed  out  through  one  outlet  instead  of  two  or  more. 
For  instance,  note  how,  as  shown  in  Figures  \'.\'2  and  b".i>. 
the  Maumee  Lake  expanded  to  form  Lake  \Vhittlesey,  and, 
escaping  across  the  lower  .Michigan  peninsula  into  the  en- 
larged Lake  Chicago,  found  an  outflow  into  the  Illinois 
Kivcr  past  Chicago. 

During  the  early  part  of  this  stage  of  coalescing 
marginal  lakes,  New  York  was  largely  under  cover  of  the 
ice;  but  in  time  the  same  stage  visited  this  State.  At 
first  there  were  numerous  tiny  lakes  (Fig.  IT!),  which  en- 
larged and  coalesced,  abandoning  one  outlet  after  another 
(Fig.  134),  until  the  several  lakes  of  the  Finger  Lake 
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united  into  one  branching  lake,  with  an  outflow  over  tin- 
Seneca  Lake  divide,  forming  what  Fairchild  proposes  t«» 
call  Glacial  Lake  Newberry  (Fig.  135).  As  this  enlarged, 
it  is  probable  that  the  drainage  finally  found  its  way  west- 
ward into  the  Chicago  outflow,  though  of  this  there  is  not 
yet  definite  proof.1 

Finally  the  ice  withdrew  from  the  Mohawk  Valley,  thus 
opening  a  lower  outflow  than  that  past  Chicago,  and  then  the 
waters  of  all  the  lakes  escaped  into  the  Atlantic  through  the 


FIG.  136.     Taylor's  map  of  the  lake  stasrc  when  the  eastern  waters 
combined  with  the  western  and  outflowed  past  Chicago. 

Hudson  (Figs.  129  and  137).  Before  this  stage  was  rea 
the  water  from  the  western  lakes  found  its  way  into  the 
Mohawk  through  temporary  overflow  channels,  between  the 
ice  and  the  land,  at  levels  well  above  the  Mohawk  divide 
near  Rome.  Since  one  of  the  walls  of  this  temporary  river 
system  was  the  ice  front,  it  follows  that  the  channels  were 
not  located  along  the  natural  drainage  lines  of  the  present. 
Thus,  temporary  east-flowing  streams  cut  channels  across 
the  hills  and  left  various  other  records  of  their  existence.3 
It  was  during  this  stage  that  son f  the  lower  delta  ter- 
races which  cling  to  the  sides  of  the  valley<  of  the  Kinger 


'See   Fairchild,    papers    referred    tn    »n    p:ii.'e   'J.'iD.      AN"    961     W.itson.   New    Y>'rk 
State   .Mus. -111. i.    Uep..rt    :>],    1.VI7.    Part    I.    r55-rl!7. 

-Sec   (iiii.crt.  Hull.   <;eoi.  Si,r.  Aiiii-r.,  VIII.  1M'7,  :  Qnereau,  I'.iiii.  Qeol. 

Soc.  Amer.,   IX,   IbW, 
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Lakes  were  formed,  when  the  water  in  them  was  falling  to 
successively  lower  levels,  as  new  outlets  were  being  dis- 
covered upon  the  retreat  of  the  glacier. 

Just  before  the  water  began  to  escape  by  this  means 
toward  the  east,  there  existed  a  continuous  marginal  lake, 
broadening  westward,  and  with  an  outflow  through  the 
Chicago  channel.  This  expanded  lake,  made  by  the  union 
of  Lakes  Chicago,  Saginaw  and  Whittlesey,  together  with 
other  marginal  waters  further  east,  is  known  as  Lake 


FIG.  137.  Taylor's  map  showing  that  stage  in  the  lake  history  when 
Lake  Algonquin  emptied  into  Lake  Iroquois  through  the  Trent 
(see  also  Fig.  129). 

Warren.  At  one  time  it  included  a  sheet  of  water  parallel 
to  the  southern  Erie  shore,  and  probably  also  the  waters 
that  occupied  the  Finger  Lakes  region  immediately  after 
the  abandonment  of  the  Seneca  divide,  which  had  con- 
trolled the  level  of  Glacial  Lake  Newberry.  The  eastern- 
most extension  of  Lake  Warren  is  not  definitely  known, 
and  the  connection  with  the  Finger  Lakes  is  merely  a 
probability,  based  upon  a  knowledge  of  the  fact  that  the 
waters  of  Lake  Warren  did  extend  eastward  until  they 
finally  found  an  outflow  through  the  Mohawk. 

With  the  uncovering  of  the  Mohawk,  the  Lake  Warren 
waters  flowed  eastward,  and  the  level  fell,  until,  finally, 
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the  entire  Erie  basin  was  uncovered.  Niagara  River  then 
began  to  flow  when  the  water  level  in  the  Ontario  basin 
fell  below  that  of  Lake  Erie.  The  outflow  of  the  upper 
Great  Lakes  was  then,  as  now,  through  the  Detroit- Lake 
St.  Glair  channel  into  Lake  Erie;  and  the  Niagara  River 
was  then,  as  now,  a  large  river.  The  three  upper  lakes 
were  at  that  time  united  to  form  Lake  Algonquin  (Fig.  137) ; 
but,  as  the  ice  front  withdrew  still  further,  it  uncovered 
the  Trent  River  Valley,  which,  because  of  the  northward 
depression  of  the  land  at  that  time,  was  then  lower  than 
the  Detroit  channel,  so  that  the  waters  of  Lake  Algonquin 
were  then  withdrawn  from  the  Lake  Erie  overflow,  and  the 
size  of  Niagara  was  greatly  reduced  thereby.  The  waters 
from  the  upper  Great  Lakes  then  flowed  directly  into  the 
expanded  Ontario  without  first  passing  through  Erie.  The 
expanded  Ontario  has  been  called  Glacial  Lake  Iroquois 
(Figs.  128  and  137),  and  its  overflow  was  through  the  Mo- 
hawk, because  the  St.  Lawrence  outflow  was  still  ice-filled. 

It  will  be  noticed  on  the  map  (Fig.  137)  that  the  shore 
lines  of  Lake  Algonquin,  in  the  Michigan  region,  disappear 
below  the  lake  waters  north  of  Chicago,  and  also  that  the 
outflow  of  the  upper  Great  Lakes  is  marked  as  being 
through  the  Trent  River,  although  we  know  that  this  is 
now  higher  than  the  Detroit  outlet,  which  was  then  aban- 
doned in  favor  of  the  Trent.  The  proof  of  this  change  is 
found  in  the  convergence  of  the  beaches  toward  the  Trent 
River  and  the  evidence  that  a  large  river  formerly  oc- 
cupied it.  The  tilting  of  the  beaches  is  in  harmony  with 
all  the  other  evidence,  and  it  therefore  seems  certain  that 
an  uplift  of  the  land  was  in  progress  during  the  time  of 
the  retreat  of  the  ice. 

All  the  beaches  of  the  lakes  are  somewhat  tilted, 
although  the  oldest  are  most  affected.  This  tilting,  which 
on  the  Iroquois  beaches  of  New  York  is  about  five  feet  per 
mile  in  a  northeasterly  direction,  has  elevated  many  beaches 
high  above  the  level  of  the  present  lakes.  One  passes 
upgrade  in  going  along  these  shore -line  deposits  in  a 
northeasterly  direction.  That  this  uplift  was  actually  in 
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progress  while  the  lakes  existed  is  shown  l»y  the  difference 
in  inclination  of  the  older  and  younger  shore  lines. 

The  uplift  seems  also  to  have  shifted  the  outflow  of 
Lake  Algonquin  once  more  to  the  Detroit  channel,  tlni- 
causing  the  Trent  River  to  be  abandoned  and  Niagara 
River  to  become  enlarged  once  more. 

Finally  the  ice  withdrew  from  the  St.  Lawrence  Valley, 
so  that  the  level  of  Lake  Iroquois  fell,  but  not  to  the 
present  level  of  the  Thousand  Island  outflow,  for  the  val- 
leys of  the  St.  Lawrence,  Hudson,  Lake  Champlain, 


JV- ,.,.    • 


FIG.  ].'!'.».     Taylor's  map  of  the  Great  Lakes  ,lurmu'  the  encroach- 
ment of  the  ocean  waters  into  their  tiasiu. 

Ottawa,  and  probably  also  Lake  Ontario,  were  HH-II  occu- 
pied by  the  sea,  because  of  the  northeasterly  depression  of 
the  land.  The  proof  of  this  depression  comes  from  the 
discovery  of  marine  beaches  with  marine  fossils  in  the  St. 
Lawrence,  Ottawa  and  <  'hamplain  Valleys.  Where  there 
is  no  direct  proof,  there  is  some  evidence  in  favor  of  ex- 
tending the  area  of  the  sea  beyond  that  indicated  by 
Taylor  (Fig.  130),  so  as  to  admit  the  salt  water  into  tin- 
Lake  Superior  lias  in.1 

By  the  \vithdrawal   of  the  glacier,   the  valley   now   occu- 
pied  by   the    Nipissing    Lake    and    the    .Mattawa    and  Utta\\a 

1  See  references,  j>.  •_'",_'. 
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Elvers  was  uncovered;  and,  in  the  depressed  condition  of 
the  northern  land,  this  was  so  much  lower  than  the  Detroit 
Channel  that  the  volume  of  Niagara  was  again  reduced  to 
that  of  a  small  stream  draining  only  the  Lake  Erie  basin 
(Figs.  130  and  139).  Taylor  believes  that  this  period,  when 
the  Nipissing  or  upper  Great  Lakes  were  coalesced  and 
had  an  outflow  through  the  Ottawa  into  the  St.  Lawrence 
sea,  was  a  very  long  one,  for  he  finds  that  the  Nipissing 
shore  lines  are  the  most  strongly  developed  of  the  elevated 
beaches.  During  this  stage  Ontario  was  apparently  occu- 
pied by  an  arm  of  the  sea,  Erie  by  a  small  lake  in  its 
eastern  end,  because  of  the  tilting  of  the  basin  toward  the 
northeast,  and  the  three  upper  lake  basins  by  a  single  lake, 
united  by  the  same  channels  as  at  present,  only  slightly 
larger  and  deeper,  as  were  the  lakes  themselves  in  their 
northern  part.  Because  of  the  depression  of  the  land  to- 
ward the  north,  the  water  surface  of  the  southeastern  ends 
of  the  Nipissing  Lakes  was  lower  than  the  present  lake 
surfaces,  and  the  northern  and  eastern  portions  higher. 
These  points,  as  well  as  the  others  mentioned,  have  been 
more  or  less  well  established  by  the  careful  and  detailed 
study  of  the  beaches,  mainly  carried  on  by  Taylor,  as 
described  in  the  articles  referred  to  on  page  246. 

The  land  continued  to  rise,  lifting  the  Ontario  basin 
above  the  sea,  and  establishing  the  Thousand  Island  over- 
flow. At  first,  owing  to  the  depressed  condition  of  the  land 
in  the  northeastern  portion,  Lake  Ontario  did  not  reach 
as  far  westward  as  now  (Fig.  130) ,  and  the  Niagara  River 
flowed  for  several  miles  over  land  that  is  now  covered  by 
the  lake  water.  The  proof  of  this  is  found  in  the  exist- 
ence of  a  submerged  continuation  of  the  Niagara  Elver 
channel  over  the  lake  bottom,  and  a  delta  off  the  mouth 
of  the  present  river.  For  the  same  reason,  as  has  been 
stated,  Lake  Erie  was  smaller  than  now,  and  confined  to 
the  eastern  end;  but,  as  the  land  was  elevated  in  the 
north,  the  lakes  assumed  more  and  more  nearly  their 
present  form;  and  during  the  progress  of  this  uplift,  the 
outflow  was  once  more  shifted  to  the  Detroit  channel,  be- 


History    of   th<     <ir«it     L«l;,  *  L>fi:> 


cause  the  Nipissing  outlet  was  elevat«-<l  lii-li.T  than  tin- 
present  outflow  of  the  upper  lak<>s  pjtst  Detroit,  Tin- 
Detroit  channel  has  since  then  been  continuously  occupied, 
and  Niagara  has  since  then  had  approximately  its  pivM-nt 
volume.  If  the  uplift  is  still  in  progress,  as  suggested  by 
Spencer,1  and  as  Gilbert  has  attempted  to  demonstrate- 
there  may  in  the  future  be  still  another  change  in  the  direc- 
tion of  the  outflow  of  the  Great  Lakes,  this  tinu1  pa-t 
Chicago.  Such  clear  evidence  as  the  above  telling  of  the 
numerous  and  often  tremendous  past  changes,  which  is  so 
clear,  should  offset  skepticism  concerning  the  possibility  of 
still  other  future  changes.  The  land  is  unstable,  and  the 
future  has  many  changes  in  store,  and  perhaps  the  disap- 
pearance of  Niagara  may  be  one  of  these. 


1  See  references  on  p.  245. 

-Nat.   Geoir.   Map.,  VIII,  1897,  233-247;   Eighteenth  Annual  Report  U.  S.  Geol. 
Survey,  1898,  595-647. 


CHAPTER   IX 

NIAGARA 

DESCRIPTION.1 — The  Niagara  River  emerges  from  Lake 
Erie,  near  Buffalo,  a  full -born  river,  and  in  its  course  to 
Lake  Ontario,  a  distance  of  about  30  miles,  it  receives  only 
slight  additions  to  its  supply  of  water,  mainly  from  the 
small  Touawauda  and  Chippewa  Creeks.  It  is  unlike  most 
rivers  also  in  the  fact  that  it  is  essentially  free  from  sedi- 
ment load.  The  river  leaves  Erie  as  filtered  water;  and, 
thus  robbed  of  cutting  tools,  under  normal  conditions  would 
be  able  to  perform  little  work  of  valley  formation.  It 
would  be  able  to  act  chemically,  but  could  do  almost  no 
mechanical  work,  notwithstanding  its  immense  volume.1 


FIG.  140.    A  bird's-eye  view  of  Niagara  river  showing  the  broad,  quiet  upper 
course,  the  cataract  and  the  gorge  below. 

As  has  been  shown  'on  page  12,  and  as  is  evident 
from  the  accompanying  maps  (Figs.  4  and  141),  the  region 
between  Lakes  Erie  and  Ontario  consists  of  two  plains, 
divided  by  an  escarpment  200  feet  high.  The  upper  plain 

See  Capt.  Basil  Hall,  Travels  in  North  America,  Vol.  I,  Edinburgh,  1829, 
177-208;  Gilbert,  Sixth  Annual  Kept.  Niagara  Reservation  Commission,  1890,  61-84; 
Physiography  of  United  States,  American  Book  Co.,  New  York,  1896,  203-236;  Grabau, 
Bull.  New  York  State  Museum  No.  45  (Vol.  9),  1901. 

2Blackwell  (Amer.  Jourii.  Sci.,  XLVI,  1844,  67),  estimates  the  volume  of  Niagara 
to  be  22,440,000  cubic  feet,  or  1,402,500,000  pounds  per  minute. 
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passes  beneath   Lake 
Erie,    the    lower    be- 
neath   Lake   Ontario, 
where  it  is   faced    by 
a     sublacustrine     es- 
carpment.      The    es- 
carpment    separating 
the  upper  and  lower 
plains  is  steeply  slop- 
ing and  is  underlaid 
by  the  very  massive 
Niagara   limestone, 
which  forms  the  sur- 
face rock  of  the  upper 
plain     to    a    point    a 
short    distance   above 
the  crest  of  the  cata-  __ 
ract  (Fig.  142).    This 
Niagara  limestone  has 
a   total   thickness    of 
about  140  feet,  but  is 
only     about    20    feet 
thick   at  the    escarp- 
ment, because  its  up- 
per layers  have  been 
removed    by   denuda- 
tion.      At    the    Falls 
(Fig.  154)    the    lime- 
stone is  from  (JO  to  80 
feet    thick.      Beneath 
this    are    shales     and 
sandy    layers,     all 
bedded     as     nearly 
horizontal  sheets,  dip- 
ping gently  southward 
toward    Lake  Erie   at 
the   rate  of    about   :;5 
feet    per    mile.     The 
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rock  above  the  Niagara  limestone,  and  underlying  the  Erie 
plain,  consists  of  the  Salina  shales;  and  near  Buffalo  there 
is  another  bed  of  limestone,  the  Corniferous  (Fig.  142) 

The   Niagara   River  crosses   this   section  from   Erie  to 
Ontario,  commencing  as  a  broad  river,  with  gentle  course 

excepting  where  it  crosses  the 
Corniferous  limestone,  at  which 
place  the  current  becomes  rapid. 
For  fifteen  miles  it  flows  almost 
on  the  surface  of  the  plain,  at 
one  place  even  dividing  into  two 
channels  with  the  large  Grand 
Island  between.  Without  cutting 
tools  the  river  has  not  been  able 
to  carve  a  noticeable  valley. 
Then,  about  a  half  or  three- 
quarters  of  a  mile  above  the  Falls, 
the  current  quickens  (Fig.  157), 
and  soon  the  river  becomes  trans- 
formed to  "a  broad,  roaring  rapid, 
tumbling  over  one  ledge  after 
another  with  tumultuous  haste."1 
The  water  then  tumbles  over 
the  brink  of  the  Falls  (Fig.  151) 
from  a  height  of  517  feet  above  sea-level  down  to  the  level 
of  357  feet,  giving  a  fall  of  about  160  feet.2  Above  the 
upper  rapids  the  river  is  broad,  and  the  depth  from  10  to 
22  feet.  At  the  cataract  it  is  divided  by  Goat  Island  into 
two  falls  (Fig.  148),  the  smaller  being  the  American,  the 
large  the  Canadian  or  Horseshoe,  over  which  the  bulk  of 
the  water  flows,  with  a  depth,  according  to  Schermerhorn, 
probably  averaging  less  than  4  feet,  though  without  doubt 
reaching  20  feet  at  the  apex. 

From  the  base  of  the   Falls,  for  a  distance   of  about 

1  Gilbert,  Physiography  of  United  States,  New  York,  1896,  208. 

2  Schermerhorn  (Amer.  Journ.  Sci.,  CXXXIII,  1887,  278-284),  states  that  the  fall 
is  155  feet  high  on  the  Canadian  side,  161  feet  near  Terrapin  Tower,  and  169  feet  near 
the  eastern  side  of  the  American  Falls. 


FIG.  142.  Geological  map  of 
vicinity  of  Niagara  (  after 
Gilbert). 
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seven  miles,  the  river  occupies  a  deep  channel  cut  through 
the  Niagara  limestone  into  the  underlying  shale,  limestone 
and  sandstone  beds,  to  the  depth  of  200  or  300  feet,  and 
with  a  width  commonly  between  200  and  300  yards. 
Throughout  its  distance,  excepting  in  one  place,  the  gorge 
walls  are  capped  by  the  massive  Niagara  limestone,  while 
beneath  this  are  beds  of  shale  with  one  or  two  strata  of 
harder  rock.  Near  the  base  of  the  cliff  is  a  talus  (Figs. 
146,  159  and  160)  in  which  numerous  large  boulders  of  the 
Niagara  limestone  form  a  prominent  part,  having  fallen 
there  from  the  cap  rock  of  the  gorge  walls.1  From  the 
Falls  nearly  down  to  the  railway  bridges,  the  gorge  is 
broad  and  the  water  fairly  quiet,  excepting  near  the  Falls, 
where  the  river  swirls  around  under  the  disturbance  of 
the  tremendous  vertical  descent  at  the  cataract.  In  this 
stretch  of  quiet  water  the  soundings  reveal  a  depth  in  one 
place  of  189  feet,  and  in  several  other  places  of  160  feet 

(Fig.  143) . 

•^^^•^^*r£±.-:_..i^: -..: .   •"-.;  ~1         Near   the    railway 

bridge  the  gorge  nar- 
rows quite  abruptly, 
and  the  current  quick- 
ens until  it  is  trans- 
formed to  a  furious 
mass  of  whirling 
water,  forming  the 
Whirlpool  Rapids 

FIG.  144.     The  two    plains   and    escarpment,  with         (Fig.  158)  .    Ill  the  bed 
the    whirlpool  -  St.   David's    channel    on    the  f     ,,.       f, 

right  (after  Gilbert).  ineie  an    ap- 

parently large  blocks 

of  the  Niagara  limestone,  which  throw  the  river  surface 
into  great  billows.  Here  the  river  depth  is  evidently 
shallow. 

Below  this  the  gorge  broadens  out  again  and  forms  a 
great  elbow,  known  as  the  Whirlpool  (Figs.  141, 143, 144  and 
147) ,  where  the  water  is  again  deep.  At  this  place  the  gorge 

These  landslides  are  often  noticed;  see,  for  instance,  Claypole,  Nature,  XXXIX, 
89,  367.     A  large  fall  of  limestone  also  occurred  in  the  spring  of  1899. 
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PIG.  145.    A  bird's-eye  view  of  Niagara  (after  Gilbert). 

turns  nearly  at  right  angles,  after  which  it  narrows  and 
broadens  in  one  or  two  places,  being  especially  narrow  at 
Foster  Flats.  Throughout  this  lower  half  of  the  gorge  tin* 
current  is  prevailingly  rapid,  and  the  depth  evidently  much 
less  than  that  above  the  Whirlpool  Rapids.  Gilbert1  makes 
the  following  estimate  of  the  depth  of  the  river  at  various 
places.  At  the  Whirlpool  Rapids,  35  feet;  at  the  outlet 


FlG.   140.     The   i?or^c  of  Ni:i^':ir:i.  with   tin-  r;i|.|.ini,'  «>!'    Ni:ii::ir:i   limestone   H 

shown   mi    Ihr   riirht. 

of  the  Whirlpool,  50   feet;    opposite   \Viiit.-rgiv.-n    Klat, 
feet;  and   below  Foster  Flat,  70   feet.     Tin-   drptli   of   iln- 
Whirlpool  is  t'stimat.Ml   to   be  aboul    15il  feet. 

lAmer.  Geologist,  XVIII,  18'.i<;.  -j:!L'-233. 
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After  a  passage  of  about  seven  miles  through  the  gorge 
(Figs.  146,  147,  158  and  160),  alternately  expanding  and 
contracting,  and  with  the  current  now  moderate  and  now 
rapid,  and  in  places  even  violently  rapid,  the  river  emerges 
from  its  cafion  (Fig.  159)  and  passes  peacefully  across  the 
lower  plain,  in  a  valley  somewhat  broader  than  the  gorge, 
and  bounded  by  low  banks  rising  to  the  level  of  the  lower 
plain. 

Throughout  its  gorge  the  river  is  everywhere  bounded 
by  rock  walls,  excepting  in  one  place,  the  Whirlpool, 


FIG.  147.     The  outlet  of  the  Whirlpool,  where  the  river  bends  sharply. 

where,  on  the  Canadian  side,  there  is  a  drift- wall,  with  a 
slope  much  more  gentle  than  commonly  (Fig.  143),  and 
down  which  a  tiny  stream  passes  into  the  Niagara.  In 
line  with  this  drift -filled  depression,  the  rock -capped 
Queenstown  escarpment  itself  is  interrupted  by  a  drift-wall 
near  the  village  of  St.  David's  (Fig.  145).  There  seems  to 
be  a  buried  valley  here  extending  from  the  Whirlpool  to  St. 
David's.  This  is  called  the  St.  David's  channel,  and  it 
has  apparently  had  considerable  influence  upon  the  history 
of  the  Niagara  River. 

While  the  river  is  not  rapidly  deepening  its  valley  in 
the  upper  15  miles,  nor  in  most  of  its  course  below  the 
cataract,  it  has  long  been  evident  that  very  active  work 
of  valley  formation  is  in  progress  at  the  cataract  itself. 


Niagara  JT.'S 

Since  Niagara  is  a  post-glacial  stream,  having  had  its  birth 
at  the  time  when  the  upper  Great  Lakes  abandoned  tli>- 
Chicago  outlet  for  the  Mohawk  (p.  12(5:2),  it  has  >e,-nied  to 
many  that  it  would  be  possible  to  use  Niagara  as  a  measure 
of  this  part  of  geological  time.  Much  study  has  then-fore 
been  given  to  the  Niagara  River.  The  gorge  has  evidently 
been  formed  by  the  river  itself,  and  the  rate  of  present 


FIG.  148.     The  American  (on  the  left)  ami  Canadian  (on  the  ri^'lit  )  FalN. 

wear  is  known;  but  the  problem  proves  more  complex  as 
studies  are  extended.  Perhaps  the  best  way  of  treating  the 
subject  clearly,  and  with  a  measure  of  completeness,  is  to 
consider  first  of  all  the  contributions  of  the  principal 
students  of  the  problem,  and  then  to  discuss  some  of  the 
results. 

EARLY  VIEWS.— While  Niagara  was  mentioned  as  early  as 
the  time  of  Champlain,  it  seems  to  have  been  first  described, 
from  actual  visit  by  Europeans,  by  Father  Ilennepin,1  wlm-e 
account  is  interesting  but  unimportant  and  grossly  exag- 
gerated (Fig.  149).  Various  other  early  travelers2  described 
the  Falls,  but  one  of  the  best  early  accounts  is  that  by 
Kalm  (Fig.  150). :!  While  the  first  accounts  are  merely  de- 

1  A  New  Discovery  of  A  Vast  Country  in  Ain.-ri.-a.   London.   169 

-See    for    instance,   Dudley,    Phil.    Trans.,    V I .     IT'JJ.    ».'.'  7-':     Lan<-,,urt .   Tra\eN 
through   the   United   States   ,,f   North   Ann-riea.  etc.,  in   the  Year-    IT'.'.'i.   I7'.»>  and 
London.   Vol.    I.    1*00,  ::'.tO-::!M;    .l,.hn   Mand.'.   Visit   to  the   Kails  ,,f    Nia-ara   in   l^Mt.   l.,.n 
don,    iH'Jil:    Yoliirv,    View   ,,f  the   Climat.'    and    Soil    of   th.-    I'niled    Man-   Of 
(rrcnch    edition,    I  sill!  i,    Philadelphia,    isoj;    Mi^.dow,   Journal    ••(    a    Tour   to  1 
Falls,  1805,  Boston,  Is7f,:   F.   llall.  TraveK  in  Canada,  Boston,  1818,  230-240;   Dari.y 
A   Tour   from    the    City    of    Ne\v    Y'.rk     to     Detroit     in    the    M  n-lii-an    Ten 
York,    ISlli,    HVJ;    Scli.pidfraft.    Narrativr.   .Imirnal    of   Trav.-N.    BtO.,    II 

:i(ientleinan'-<    Magazine.     XXI.     17."l,    l.">-l!i;    another    L' 1    a unt    i 

TraveN  throuu'li  the  States  of   North  Aiii'-ri--a,   17'.".".,  ''.ni  and  ''.'7.  London.  I     - 
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scriptive,  rnore  than  a  century  ago  there  were  speculations 
concerning  the  history  of  the  cataract  and  gorge.  We 
find,  for  instance,  that  Wm.  Maclay,1  in  his  journal  for 
February  1,  1790,  proposed  to  fix  the  age  of  the  world 
by  means  of  Niagara.  He  noted  that  the  gorge  is  about 
seven  miles  long,  and  that  the  Falls  had  retreated  some 
20  feet  in  the  30  years  since  Sir  Wm.  Johnson  visited 
them,  making  the  age  of  the  earth  at  least  55,440  years, 
a  startling  result  for  those  times,  as  is  shown  by  M'Caus- 
lin's  discussion  of  Niagara  three  years  later.2  He  consid- 
ered the  question  whether  the  Falls  had  really  retreated 
and  stated  that  to  have  formed  the  gorge  in  the  space  of 
5,700  years  (the  age  of  the  earth)  they  must  have  retreated 
much  more  rapidly  than  they  appear  to  have  done  since 


' 


FIG.  149.     Hennepin's  picture  of  Niagara. 

he  began  to  study  them.  In  the  same  publication,  Ellicott3 
announced  his  decision  that  Niagara  had  retreated  through 
the  seven  miles  of  the  gorge. 

In   1819   Atwater4   assumed    that   Niagara   has    cut   its 

1  Journal  of  Wm.  Maclay,  Appleton,  New  York,  1890,  190. 

2 Trans.   Amer.    Phil.    Soc.,  1793,   17-24;    see   also   Enys'  Visit  to  Niagara,  1787; 
Report  on  Canadian  Archives,  1886,  CCXXVI-CCXXXI1I,  by  Douglas  Bryrnner. 
3 Trans.  Amer.  Phil.  Soc.,  IV,  1799,  227-229. 
4  Amer.  Journ.  ScL,  I,  1819,  116-125. 


275 


gorge,  thus  draining  tho  lake  that  ho  believrd  once  >tret.-hed 
over  a  part  of  Ohio.  That  this  was  not  so  wa-  ;ii-u«-<l 
by  Wells1  and  by  Bourne.2  In  the  same  maga/ine  Fool 


FIG.  150.     A  view  of  Niagara  from  Kalm'<  pain-r. 

stated  that  the  Falls  were  once  at  Lewistou.  Eaton  ' 
the  first  geological  section  showing  the  structure  at  the 
Falls.  Next  comes  an  article  by  Goddes, :>  who  argued 
against  the  conclusion  that  Niagara  had  carved  its  gorvv. 

The  most  important  early  work  upon   Niagara  was  that 

done   by  Capt.    Basil   IIall';   who   went    behind    «>i f    the 

-mallei'  Falls,  and  noted  the  violent  blasts  of  air  caii-ed 
by  the  falling  spray,  pointing  out  its  importance  in  under- 
mining the  Niagara  limestone  by  removing  fche  friable 
shales.7  His  description  of  the  river  is  so  excellent  that  1 
quote  from  it: 

"The    river    Niagara,  which   (lows    from    Lake    Krie   j,,t,, 
Lake  Ontario,  is  unlike  any  other  river  that    I    know  of.      It 


1  Araer.  Journ.  Sci.,  I,  1>1!».  331-337. 

2  Amer.  Journ.  Sci.,  II.  1820,  30-34. 

. \ni.-r.  .i..imi.  Sci.,  IV,  l.-L'L'.  35-37. 

1  (ii-iiliiL'iral  :iinl  Agricultural  Survey  <•(    l>i-trict  Ailjoinjiiir   tin     I   •   •    <      •       ,P  .rt   I. 
ISL'I,    llli. 

•  Ann-r.  .IMMI-II.  Sri..   XI.   1,-Jii.  •_>1::->_>1>:    Tnuis.  AH. any  tnst.,   I. 

»Amer.  J<.urn.   Sci.,    Xlll.    1828,   364-308;    Travels    in    N'-nh   Ani.Ti.-a.    v..i.    i. 

IS'J'.I,    HdinlinrL'li,    177-L'(IS;     Furty    Ktrh MIL'-    mad.-    \\itli    tl..-    Cann'ra    Lti.'i.la    in    N..rtli 
Anifrica,  in   ]>L'7an.l   1828,   r:.linl.uri:li.   1- 

7  Sfc  ;iisi>  Miti-ii.'il.  Observation   "i\  tin-  (o,.|,,L-v  c,f  N,,rth  Ann  • 
Cuvier's  Essay  on  tb«-  Tln-nry  ..f  tin-   Karth.  N.-\v   ^"..rk.  1- 
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FIG.  151.     The  crest  of  the  Horseshoe  or  Canadian  Fall. 

is  a  full-grown  stream  at  the  first  moment  of  its  existence, 
and  is  no  larger  at  its  mouth  than  at  its  source.  Its  whole 
length  is  about  thirty-two  miles,  one-half  of  which  is  above 
the  Falls,  and  the  other  half  lies  between  them  and  Lake 
Ontario.  During  the  first  part  of  its  course,  or  that  above 
the  tremendous  scene  alluded  to,  this  celebrated  river  slips 
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FIG.  152.     Niagara  in  1827,  from  a  camera-lucid  a  drawing  by 
Capt.  Basil  Hall. 

quietly  along  out  of  Lake  Erie,  nearly  at  the  level  of  the 
surrounding  flat  country.  So  nearly  so,  indeed,  that  if  by 
any  of  those  chances  which  swell  other  rivers,  but  have  no 


\i<nj(tri(  -211 

effect  here,  we  could  suppose  the  Niagara  to  rise  perpen- 
dicularly eight  or  ten  feet,  the  adjacent  portion  of  Upper 
Canada  on  the  west,  and  of  the  State  of  New  York  on  the 
east,  would  be  laid  under  water. 

"After  the  river  passes  over  the  Falls,  however,  its 
character  is  immediately  and  completely  change.  1.  It  then 
runs  furiously  along  the  bottom  of  a  deep,  wall -sided  val- 
ley, or  huge  trench,  which  seems  to  have  been  cut  into 
the  horizontal  strata  of  the  limestone  rock  by  the  continued 
action  of  the  stream  during  the  lapse  of  ages.  The  cliff- 
on  both  sides  are  at  most  places  nearly  perpendicular,  with- 
out any  interval  being  left  between  the  cliffs  and  the  river, 
or  any  rounding  of  the  edges  at  the  top;  and  a  rent  would 
seem  a  more  appropriate  term  than  a  valley.  Above  the 


FlG.  1.").':.      Niagara  in  1MIL1,  from  a  caincra-olixrura  drawing  ''>    K'an-1'nrtl. 

Falls,  therefore,  that  is,  between  them  and  Lake  Krie,  it 
will  be  understood,  there  is  literally  no  valley  at  all;  as  the 
river  flows  with  a  gentle  current,  and  almost  Hush,  as  sea- 
men call  it,  or  level  with  the  banks;  while  below  the  cata- 
ract, the  bed  of  the  river  lies  so  deep  in  the  earth  that  a 
stranger,  unprepared  for  these  peculiarities,  is  not  aware 
of  there  being  any  break  at  all  in  the  ground,  till  lie  comes 
within  a  few  yards  of  the  very  edge  of  the  precipice.  In 
point  of  fact  we  did  drive  for  some  distance  on  the  Ameri- 
can side  of  the  valley  or  ravine  of  Niagara,  across  which 
we  were  looking,  all  the  while,  at  th<-  scenery  in  t'ana'la, 
without  knowing  it,  and  without  iieing  in  the  least  deg;  • 
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conscious  that  such  a  strong  natural  line  of   demarcation 
was  interposed  between  us  and  that  province." 

He  pointed  out  that  the  gorge  is  now  being  noticeably 
extended,  giving  instances  of  recent  retreat,  and  argued 
that  the  gorge  itself  had  been  formed  by  the  same  slow 
work.  This  description  of  Basil  Hall's  marks  the  real 
beginning  of  the  scientific  study  of  Niagara,  and  its  im- 
portance deserves  full  recognition. 

Henry1  stated  that  the  Niagara  Gorge  had  been  cut  out 
by  the  irresistible  current  of  the  river.  In  the  same  year 
Bake  well2  published  his  first  discussion  of  Niagara,  in 
which  he  pointed  out  that  there  had  been  a  retreat  of  about 
50  yards  in  40  years,  at  which  rate  the  age  of  the  gorge  is 
9,856  years,  though  he  states  clearly  that,  owing  to  the 
variations  in  the  nature  of  the  rock  and  in  the  water  supply, 
this  estimate  could  not  be  considered  accurate.  Bake  well 
also  recognized  the  true  cause  for  retreat  previously  so 
clearly  stated  by  Capt.  Hall. 

Conybeare,3  however,  opposed  the  view  that  Niagara  had 
cut  its  gorge.  Fairholme,4  on  the  other  hand,  accepted  the 
idea  of  retreat  and  placed  the  rate  at  4  feet  a  year;  and, 
making  various  assumptions,  considered  the  age  of  the 
gorge  to  be  4,500  years,  placing  the  beginning  at  the 
Mosaic  deluge.  Rogers5  pointed  out  the  weakness  of  this 
argument  and  also  opposed  Bake  well's  view,  and  questioned 
whether  the  Falls  were  ever  at  Lewiston.  Rogers  noted 
the  existence  of  fresh- water  shells  in  the  gravels  of  Goat 
Island,  now  accepted  as  evidence  of  the  former  greater 
height  of  the  river  when  the  Falls  were  standing  further 
down  stream  than  now. 

Dr.  James  Hall6  stated  that  the  cataract  was  once  at 
Lewiston  and  pointed  out  the  fact  that,  since  the  strata 

1  Trans.  Albany  Inst.,  I,  1830,  101. 

2  Mag.  Nat,  Hist.,  Ill,  1830,  117-130. 

3  Phil.  Mag.,  IX,  1831,  266-267. 

*  Phil.  Mag.,  3d  Ser.,  V,  1834,  11-25;  see  also  Fairholme,  New  and  Conclusive 
Physical  Demonstrations  both  of  the  Fact  and  Period  of  the  Mosaic  Deluge,  London, 
1837;  see  also  Gibson,  Amer.  Journ.  Sci.,  XXIX,  1836,  201-213. 

5  Amer.  Journ.  Sci.,  XXVII,  1835,  326-335. 
Second  Kept.  Geol.  Survey  of  New  York,  1838,  371-373. 


which  determine  the  Falls  are  dipping  toward  tin-  south. 
that  is  up  stream,  the  height  of  tin-  Falls  will  diminish  as 
they  retreat  up  stream.  In  fact,  when  they  have  retreated 
two  miles  further  the  shale  beneath  the  limestone  will  have 
dipped  so  far  into  the  ground  that  the  Falls  will  then  !»• 
located  entirely  upon  the  Niagara  limestone,  thus  removing 
one  of  the  chief  causes  for  the  present  cataract.  When 
that  time  arrives,  the  Falls  will  change  to  a  series  of 
rapids.  The  statement  sometimes  made  that  Niagara  Falls 
will  retreat  until  Erie  is  drained  is  therefore  unfounded. 

The  same  author  later1  gives  a  very  full  description  of 
Niagara,  and  a  convincing  argument  in  favor  of  the  view 
that  the  Falls  were  once  at  Lewiston.  However,  with  the 
clearness  characteristic  of  his  scientific  mind,  he  recognized 
the  importance  of  definitely  determining  the  rate  of  retreat ; 
and  for  that  purpose  he  had  made  for  future  comparison 
an  instrumental  survey  of  the  Falls  which  has  been  of  tin- 
greatest  service  in  later  studies  of  Niagara  Falls. 

Hall  showed  that  the  history  of  Niagara  had  not  been 
uniform,  but  that  the  recession  was  probably  at  first  rapid, 
the  Niagara  limestone  being  then  much  thinner  than  at  the 
site  of  the  present  Falls.  He  pointed  out  too,  that  whei 
Niagara  first  began,  there  may  very  well  have  been  three  fall- 
instead  of  one  great  cataract,  one  located  upon  the  Niagara 
limestone,  the  other  two  on  the  still  lower  hard  layers, 
which  have  now  dipped  out  of  sight  some  distance  north 
of  the  crest  of  the  present  Falls. 

About  this  time  there  were  a  number  of  article-  on 
Niagara  containing  little  of  importance.  Hayes,-'  consider- 
ing the  lake  beaches  ;i->  marine,  ascribed  Niagara  gorge  t" 
the  scouring  action  of  the  high  and  powerful  tides.  1-Vatli- 
erstonhauglr  alarmed  that  Niagara  had  carved  its  gorge 
and  showed  the  relation  of  the  hard  and  soft  -trata  to  tin- 
work.  Allen1  stated  that  KiT.siii',  ii'n  gallons  "f  water,  or 


'Hall,  (ic'.l.  Survey   New  Y..rk.   Fourth    DM.,   1843,  3    1-404;    K. -print. -.1    in 
Kept.  Ni.-ii:.  r..mm.  K'-pt..  L892,  67  89;    Boston  .i»urn.  N:.t.  lli-t..  IV.  i»i::-n. 
-•  Anirr.  .1, ,,irn.  S.-i.,   XXXV.   L839.  'X.- in.',. 
3  Proc.  Brit.  A.38OC.  A<lv.  Scl..   L-ll.   r.    Pi. 
4Amer.  Journ.  Sri.,  XI, VI.  1MI.  r,7-7:t. 
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701,250  tons,  pass  over  Niagara  Falls  every  minute,  rep- 
resenting 4,533,334  horse  power. 

Ly ell's  visit  to  America1  included  a  study  of  Niagara, 
from  which  some  important  facts  were  added.  He  brought 
forward  strong  arguments  in  favor  of  the  theory  of  retreat 
of  the  falls,  both  present  and  past,  and,  assuming  a  rate 
of  about  one  foot  a  year,  reached  the  conclusion  that  the 
gorge  is  about  35,000  years  old.  While  assuming  uni- 
formity of  retreat,  he  recognized  that  there  were  causes 
which  would  prevent  such  uniformity,  so  that  Niagara  is 
not  a  good  chronometer.  He  believed  that  the  river  flowed 
into  the  sea  during  a  submergence  of  the  land,  which  he 
thought  to  be  proved  by  the  elevated  beaches  which  he 
assigned  to  marine  action.  There  were  at  first  three  falls, 
according  to  Lyell,  and  the  river  work  has  varied  with  the 
retreat  of  the  Falls.  He  also  recognized,  as  pointed  out 
by  Hall,  that  the  cataract  will  be  destroyed  when  it  has 
retreated  up  stream  about  two  miles  further.  One  of  the 
important  arguments  for  retreat  brought  forward  by  Lyell 
is  the  presence  of  river  gravels,  not  only  at  Goat  Island, 
as  previously  recognized,  but  resting  on  the  limestone  cap 
of  the  gorge,  four  miles  below  the  Falls,  proving  at  least 
that  much  recession.  He  pointed  out  that  all  this  had 
happened  so  recently  that  animals  still  existing  were  then 
living  on  the  earth,  and  that  if  so  recent  an  event  has 
required  so  long  a  time,  a  vast  period  of  time  is  required 
for  the  preceding  geological  events. 

This  description  of  Lyell 's  is  one  of  the  most  important 
early  contributions;  but  one  of  his  most  valuable  results 
was  the  discovery,  in  company  with  Dr.  Hall,  of  the  drift- 
filled  valley  at  the  Whirlpool  and  the  recognition  of  its 
connection  with  the  break  in  the  escarpment  at  St. 
David's.2  Since  that  time  the  Whirlpool- St.  David's 
gorge  has  figured  in  the  discussion  of  Niagara. 

1  Travels  in  North  America,  Vol.  I,  1845,  27-53;    Vol.  II,  90;    also  Eight  Lectures 
on  Geology,   1842,  43-47;    Proc.    Geol.    Soc.,  London,  IV;    Amer.  Journ.   Sci.,  XL VI, 

44,  314-317;  London  Athenaeum,  1842,  No.  750;   1843,  No.  796. 

2  Travels  in  North  America,  Vol.  II,  90. 


Niagara 


281 


Bakewell1  explained  the  St.  David's  channel  as  a  valley 
excavated  by  water,  then  submerged  ami  drift-rilled.  The 
present  Niagara,  in  its  gorge-cutting,  has  encountered  this 
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.  154.     Niagara  limestone. 


valley  and  excavated  it  rapidly,  carving  out  a  deep  pit  at 
the  Whirlpool. 

Agassiz2  and  Desor3  wrote  upon  the  Falls;  and  (lil.l.es,1 
opposing  Desor,  advocated  Hall's  view  of  the  origin  of  th«' 
gorge,  stating  that  the  slow  rate  of  retreat  at  the  American 
Fall  does  not  properly  serve  as  a  basis  for  argument  upon 
the  question  of  general  retreat,  since  at  one  time  there  wa- 
no  American  Fall.  We  now  know  that  (  liltltcs  was  right, 
for  the  American  Fall  is  retreating  very  much  more  slowly 
than  the  Horseshoe  Fall.  Hall,"'  commenting  upon  dilili.-' 
paper,  agrees  with  him,  and  states  that,  at  the  proent  rate 
of  difference  in  retreat,  the  Horseshoe  Fall  will  in  time 
entirely  rob  the  weaker  American  Fall. 

Bakewell6  in  IS.")  7,  wrote  once  more  upon  the  subject 
and  stated  that  there  had  been  a  marked  change  in  the 


1  Amer.  Journ.  Sri..  LIV,  1M7.  •_'.--::<;. 
-  l,:il;c  Sii|><-ri<>r,  l'."^t<>M,  Is.'ili,   l.'i-lll. 

;  /i-it.  (;..<,!.  (;.-<•!].,  v,  is.-).-!,  r.4:i-c,i.». 
4  I'roc.  Amer.  A.83OC.  Adv.  8ci.,  \.  l':irt  2, 
:'  I'roc.  AIIIIT.  ASSOC.  Ailv.  Sci..   X.   Part  '_'. 
°Amer.  Journ.  Sci.,  LXX111, 


h.'it'i.  7' 
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Falls  since  he  first  visited  the  region  in  1829.  He  clearly 
stated  the  difference  between  the  American  and  Horseshoe 
Falls  in  amount  of  work,1  a  difference  earlier  proposed  by 
Gibbes,  and  argued  that  there  is  an  immense  pot-hole  at 
the  base  of  the  Horseshoe  Fall  in  which  the  fallen  rocks  of 
Niagara  limestone  are  ground  up,  while  the  smaller  volume 
at  the  American  Fall  is  unable  to  dispose  of  the  fallen 
boulders,  which  therefore  remain  as  a  protection  to  the 
weaker  rocks  underneath  the  limestone. 

The  river  gravels   of  Goat  Island  were   mentioned   by 
Ramsay;2  and  the  Falls  were  described  in  popular  articles 


FIG.  155.  The  American  Fall,  showing  the  large  boulders  which  encumber 
its  base  because  the  cataract  has  not  power  enough  to  remove  them  as 
they  fall. 

by  Hyatt3  and  Tyndall.4  Holley  criticised  the  latter  and 
stated  certain  facts  observed  by  him  which  led  him  to  the 
belief  that  the  rate  of  retreat  of  the  Falls  is  about  4 
inches  a  year,  making  the  age  of  the  gorge  72, 000. 5  Belt 
also  wrote  a  popular  article.6 

1  See  also,  upon  this  point  and  others  connected  with  Niagara,  Marcou,  Bull.  Soc. 
Geol.,  France,  2d  Ser.,  XXII,  290-300,  one  of  the  important  early  studies. 

2  Quart.  Journ.  Geol.  Soc.,  XV,  1859.  212-215. 

3  American  Naturalist,  II,  18(58,  77-85 

4  Popular  Sci.  Monthly,  III,  1873,  210-226;  Macmillan  Mag.,  XXVIII,  1873,  49-62. 

5  Holley,  Proc.  Arner.   Assoc.   Adv.  Sci..  XXII,  1873,  147-155.     See  also  Holley's 
Falls  of    Niagara,  New  York,    1883;    Niagara,    its    History,    Geology,    etc.,   12th   ed., 
Toronto,  1872.     See  also  Gunnin?,  Popular  Science  Monthly,  I,  1872,  564-573. 

6  Quart.  Journ.  Sci.,  XII,  1875,  135-136;   see  also  Carpenter,  Nature,  XXIII,   1881 
511-514.. 
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SUMMARY  OF  RESULTS  OF  EARLY  STUDIES.— As  ;i  result 
of  these  studies,  it  may  be  stated  that,  while  then-  w 
still  lunch  that  was  purely  speculative,  many  of  tin-  major 
problems  of  Niagara  were  solved  by  them.  It  was  proved 
beyond  question,  for  instance,  that  a  large  part,  and  prob- 
ably all,  of  the  gorge  had  been  cut  out  by  the  action  of 
the  river  water.  A  number  of  persons  contributed  to  this 
proof,  the  last  important  one  being  Lyell.  Although  esti- 
mates varied,  a  fairly  close  approximation  to  the  rate  of 
present  retreat  had  been  made,  and  the  age  of  the  gorge 
had  been  stated  in  figures,  though  in  nearly  every  case 
with  a  clear  recognition  of  the  fact  that  there  were  causes 
which  had  operated  to  modify  any  estimate  based  upon 
the  present  rate. 

The  existence  and  significance  of  the  Whirl  pool -St. 
David's  channel  had  been  discovered,  and  the  relation  of 
the  Whirlpool  to  this  gorge  noted.  The  rapidity  of  retreat 
of  the  Horseshoe  Fall  had  been  clearly  rerogni/.ed  and 
the  difference  between  it  and  the  American  Fall  pointed 
out.  It  was  also  shown  that,  at  the  present  rate,  it  was 
merely  a  question  of  time  when  the  Canadian  Fall  would 
rob  the  American  of  its  water  and  the  t\vo  falls  be  replaced 
by  one,  which  in  time  would  change  to  a  series  of  rapid-, 
when,  with  the  southward  dip  of  the  strata,  the  underlyitm- 
shale  had  dipped  down  so  far  that  the  swirl  of  the  cataract 
water  could  not  reach  it  and  remove  it  from  beneath  tin- 
Niagara  limestone. 

Many  other  facts  had  been  stated  and  many  logical 
conclusions  had  been  drawn  fully  a  quarter  of  a  century 
ago.  Indeed  SO  much  had  been  learned  that  it  would  have 
seemed  as  it'  little  more  were  left  to  be  done.  Hut  the 
publication  of  discussions  has  continued  down  to  the  very 
present,  and  it  should  be  said  that,  a>  a  re>ult  of  the-e, 

we   are   now    less    certain    of    some    things    com ted    with 

Niagara  than  we  were  in  isso.  It  jv  rhietly  a-  the  result 
of  the  later  studies  of  the  (In-at  Lakes  that  new  facts 
have  been  discovered  which  apply  to  Niagara.  Tin-  is 
particularly  true  of  that  part  of  the  Niagara  problem  which 
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relates  to  the  age  of  its  valley.  For  a  while  the  gorge 
seemed  to  promise  to  serve  as  a  geological  chronometer  ot 
great  importance;  and  from  very  early  times  this  aspect  of 
the  Niagara  problem  has  received  marked  attention.  In 
later  years  this  part  of  the  question  has  been  analyzed 
more  carefully;  and,  because  of  its  importance,  we  will 
now  take  it  up  specifically. 

PRESENT  RATE  OF  RETREAT. — In  the  first  three-quarters 
of  this  century  any  estimate  of  the  existing  rate  of  retreat 

of  Niagara  Falls 
was    necessarilv 

mi 

based  upon  very 
meager  evidence 
and  amounted  to 
little  more  than 
a  guess,  as  is 
shown  by  the 
wide  variety  of 
opinion  e  x- 
pressed.  By  the 
wise  foresight  of 
Dr.  James  Hall,1 
the  State  Geolo- 
gist of  New  York, 
a  map  based  upon 
a  n  instrumental 
survey  was  made 
in  1842.  In  1875 
the  Lake  Survey, 
under  the  direc- 
tion of  Major  C. 
B.  Comstock  of 
the  Corps  of  En- 
gineers of  the 


FIG.  156.  Crest  lines  of  Niagara  Falls  (after  Kibbe) ; 
outer  (upper)  line,  survey  of  1842;  second  line,  survey 
of  1875;  third  line,  survey  of  1886;  fourth  line,  sur- 
vey of  1890. 


Army,    prepared   its    map   of  the   Falls   and  gorge 
143).     Wright  made  use   of    these  maps'3  to  make 


Geol.  of  New  York,  4th  Dist.,  1843,  402. 
2  Science,  V,  1885,  399-401. 


an  estimate  of  the  rate  of  retreat,  from  which  he  placed 
the  age  of  the  gorge  at  about  7,OOU  years,  though  In- 
mentioned  the  fact  that  there  are  elements  of  uncertainty 
in  such  a  calculation  because  of  probable  variations  from 
this  rate.  Wesson1  gave  the  rate  of  retreat  of  the  Ameri- 
can Fall  as  10  inches,  and  the  Horseshoe  Fall  ?>X  feet  a 
year.  This  makes  about  10,000  years  as  the  age  of  the 
gorge,  assuming  a  constant  rate  for  the  pa>t . 

A  survey  by  Woodward  in  18862  served  Gilbert  with 
an  opportunity  of  stating  that  the  rate  of  recession  in  tip- 
central  third  of  the  Horseshoe  Fall  for  44  years  was  about 
200  feet.  With  the  same  rate  the  age  of  the  gorge  must 
be  calculated  at  about  7,000  years;  but  he  points  out  many 
possible  variables.  Another  survey  was  made  in  isiio,'  by 
which  it  is  shown  that  the  average  annual  retreat  in  4s 
years  is  .64  feet  for  the  American  Fall  and  2. IS  feet  for 
the  Horseshoe;  but  the  rate  of  retreat  in  the  central  part 
of  the  Horseshoe  Fall  is  much  faster,  and  from  this  the 
rate  of  gorge  formation  is  to  be  calculated. 

CAUSES  FOR  PAST  VARIATION  IN  RATE.  —  Gilbert  ha* 
given  the  clearest  and  most  complete  statement  for  pa-t 
variation  in  rate  of  gorge  cutting,5  as  he  has,  in  fact,  upon 
the  general  question  of  Niagara  River.  He  notes  the  fol- 
lowing causes: — possible  presence  of  preglacial  or  inter- 
glacial  valleys  coinciding  with  a  part  of  the  present  valley, 
thus  increasing  the  rate;  a  thinner  limestone  and  a  greater 
thickness  of  the  under  shales  in  the  Lower  course,  together 
with  a  former  greater  height  of  the  fall,  all  of  which  tend 
to  increase  the  rate;  a  narrower  channel  in  places,  which 

has  called  for  less  work ;  the  probable  presen f  Moating 

ice  to  help  in  the  excavation;  and,  finally,  possible  varia- 
tions in  detrital  load,  in  the  chemical  composition  of  the 
water  and  in  its  roltime. 


|  Xiiturf.  XXXIII.  iss:,.  •_"j!»-39.    See  also  a  lin.'f  n-'t-  i-y  Oarbetl  m  i«m»,  -H 
-  Science,  VIII.   1886,  205. 

:<  Pror.  Amer.  Assoc.   Adv.   Bel.,  XXXV.    1866,  222         -    ence,  vill.   i 
See  aNo  (;ili..Tt,  N.'itur.',  L.  ivu.  53;  "N"  Kin-Mnill.  game, 

i  Kil.iH',  Seventh  K--|>t.  Ni:.ir.  Reserve  Comm.,  L891,  96  L02;  w hvari 

.  Am.>r.  ASMO.-.  Adv.  Sci.,  XXXV.  1886,  222-3;  Science,  vill.  I-- 
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The  latter  point  has  been  elaborated  by  Spencer1  and 
by  others.  Spencer  has  shown  that  when  the  land  was 
lower  in  the  north2  the  waters  of  the  Great  Lakes  were 
diverted  from  Niagara,  which  then  contained  only  a  small 


FIG.  157.     The  Rapids  above  the  Falls. 

stream.  He  believes  that  the  early  Falls  were  somewhat  like 
the  present,  and  that  these  were  followed  by  three  falls,  as 
at  present  in  the  Genesee.  The  life  of  the  river  is  divided 
into  episodes,  each  of  which  is  estimated,  making  the  total 
life  of  the  river  32,000  years  and  of  the  gorge  31,000  years. 
The  view  of  the  variation  in  volume  of  water  previously 
suggested  by  Gilbert,  and  definitely  advanced  by  Spencer, 
is  accepted  by  Gilbert  in  later  articles.3  But  it  is  to 


iProc.  Amer.  Assoc.  Adv.  Sci.,  XXXVII,  1888,  197-199;  Trans.  Roy.  Soc. 
Canada,  VII,  Sect.  IV,  1889,  121-134;  Proc.  Amer.  Assoc.  Adv.  Sci,  XLIII,  1894, 
244-246;  Amer.  Journ.  Sci.  CXLVIII,  1894,  455-472;  Amer.  Nat.,  XXVIII,  1894,  859; 
Amer.  Geol.,  XIV,  1894,  298-301;  Proc.  Roy.  Soc.,  LVI,  1894,  145-148;  Pop.  Sci. 
Monthly,  XLIX,  1896,  157-172;  Amer.  Geol.,  XXI,  1898,  110-123;  Amer.  Journ.  Sci. 
CLVI,  1898,  439-450.  A  number  of  Spencer's  papers  are  reprinted  in  Eleventh  Rept. 
Niagara  Comm.,  1895,  App.,  1-12C.  For  references  to  other  papers  by  Spencer  see 
Chapter  VIII,  p.  245. 

2  Spencer,  Amer.  Journ.  Sci.  CXLVIII,  1894,  455-472. 

3 Sixth  Rept.  Niagara  Comm.,  1890,  61-84;  same  Rept.  Internat.  Cong.  Geol.  5th 
Session,  Washington,  1891  (Pub.  1893),  455-458;  Physiography  of  United  States,  New 
York,  1896,  203-236. 
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Taylor  that  we  owe  the  latest  and  most  thorough  stu<lv  of 
the  ancient  outflows  of  the  (in-at  Lakes,  l.y  which  Niagara 
has  been  temporarily  robbed  of  its  water  (pp.  •_!.">!  )-Ji;;> )  ; 
and  he  has  naturally  made  application  of  these  studies  to 
the  Niagara  problem.1 

Taylor's  conclusions  concerning  the  influence  of  v;i na- 
tion in  water  supply  on  the  age  of  the  Niagara  iror^v  may 
be  briefly  summarized  as  follows:  In  the  first  place,  he 
shows  how  variable  are  the  width  and  depth  of  the  gome 
in  different  parts.  There  is  first  an  U)>I><T  <irc«t  //«/•//'•  ex- 
tending from  the  base  of  the  Falls  nearly  to  the  railway 
bridges,  being  broad  and  deep.  This  is  followed  by  tin- 
second  section  of  the  gorge,  the  ll'ltirljiaul  I!/i/>i</s,  shallow 
and  narrow,  and  this  by  the  third  section,  the  )>iiil<ll<  <//-»it 
dorye,  which  includes  the  Whirlpool  and  extends  below  it. 


Here    the    width    is    about    that    of    the    upper    -Teat    goi 
and   the  depth    is   considerable.      This    is    followed    by  the 
fourth  section,  the  Ititrfr  <i<>ri/<\  which  is  prevailingly  nai-rou 
and  rather  shallow,    for  the   mo>t    part. 

'  Taylor,  Aiii.-r.   Journ.    Sri.   rxi.lX.    69-71;    249-270;  ,    XV.    ' 

lOO-l.'O;    IfrJ-l  7!»:    AIIHT.    Qeol.,   XVIII.    I  >'.«;.    l">    120;     \MI-T.   .I.Mirn.    8ci     <    I. 111.    :- 

208--_'l^:  Stinlirs  in  indiam graphy,  Terre  Haute,  1897,  109  110;    Vraer   Oeol    \\. 

1697.  r,-,-i;r,:   ni-i>:   Proc.  Amer.  Assoc.  Adv.  8ci.   XLVI,  188 

Soc.  Amer,   IX.    I-'.'N  59-84.     See  |mrticiil;irly  l:i-t   p;ip.  r. 
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Taylor  thinks  that  the  upper  broad  gorge  may  be  the 
part  that  has  been  formed  since  the  Nipissing  outflow  was 
abandoned;  and,  at  the  present  rate  of  cutting,  this  por- 
tion of  the  gorge  has  required  about  2,700  years.  The 
Whirlpool  Rapids  section  he  believes  to  have  been  formed 
by  the  river  when  it  was  so  small  that  the  Niagara  lime- 
stone boulders  were  not  removed,  the  fall  at  that  time 
being  similar  to  the  present  American  Fall  in  mode  of 
work.  At  this  rate  of  cutting,  the  Whirlpool  Rapids  section 
must  have  required  several  thousand  years,  the  amount 
not  being  definitely  estimated  by  Taylor.  The  reason  for 
the  small  volume  of  Niagara  at  this  period  wTas  the  with- 
drawal of  the  waters  of  the  upper  Great  Lakes  across 
Nipissing  Pass  (p.  263).  The  broad  section  below  this  is 
supposed  to  have  been  formed  when  the  volume  of  Niagara 
was  large,  just  before  the  time  of  the  Nipissing  overflow. 

No  attempt  is  made  to  analyze  the  paper  and  to  state 
the  facts  which  Taylor  brings  forward  in  support  of  this 
hypothesis.  Without  a  very  much  longer  abstract  than  is 
possible  here,  justice  could  not  be  done  to  the  paper,  and 
it  is  necessary  to  refer  to  the  publication  itself,  if  the 
reader  wishes  to  follow  Taylor's  argument  in  detail.  It  is 
an  exceedingly  brilliant  piece  of  work,  and  calls  for  very 
careful  consideration  on  the  part  of  students  of  the  Niagara 
problem. 

The  outflow  over  the  Nipissing  Pass,  through  which  the 
waters  of  the  Great  Lakes  passed  to  rob  Niagara  of  its 
volume,  has  also  been  studied  by  Wright;1  but  he  does 
not  agree  with  Taylor  in  the  assumption  of  long  overflow 
over  this  Pass,  upon  which  Taylor  bases  much  of  his 
argument  for  the  great  age  of  Niagara  gorge.2  Upham3 
has  taken  a  vigorous  stand  against  the  long  occupancy  of 

1  Bull.  Geol.  Soc.  Amer.  IV,  1893,  423-425.  See  Bell's  comment  on  this,  pages 
425-427. 

2 Amer.  Geol.,  XXII,  1898,  260-261;  Science,  VIII,  1898,  502. 

322d  Kept.  Minnesota  Geol.  Survey.  1894,  54-66;  Nature,  L,  1894,  198-199;  Amer. 
Geol.,  XIV,  1894,  62-65  (Spencer's  reply  to  this  135-136);  23d  Rept.  Minn.  Survey, 
1895,  156-193;  Bull.  Geol.  Soc.  Amer.,  VI,  1895,  21-27;  Amer.  Journ.  Sci.  CXLIX, 
1895,  1-18;  Amer.  Geol.,  XVIII,  1896,  169-177;  Amer.  Geol.  XXVIII,  1901,  235-244. 


this  overflow  of  the  Great   Lake>,  as  maintained  1,\-  Tavlor. 

.  . 

So  it  will  be  seen  that  the  somewhat  startling  conclusion 
reached  by  Taylor,  that  the  Niagara  goruv  is  not  [ess  than 
30,000-50,000  years  old,  is  based  upon  an  interpretation  of 
the  facts  to  wliich  all  do  not  agree. 

Another  possible  cause  for  the  variation  in  rate  of 
excavation  of  the  Niagara,  gorge  is  the  drift-filled  St. 
David's -Whirlpool  channel,  first  discovered  by  Lye]]  ami 
Hall.  This  valley  seems  to  represent  a  broad  -or--.-  cut 
into  the  rock  to  a  level  below  the  present  water  surface 
of  the  Niagara  Kiver  at  the  Whirlpool.  At  what  period 
this  gorge  was  formed  is  not  certain;  but  its  time  <>f 
development  was  evidently  before  the  last  advance  of  tin- 
glacier  which  clogged  it  with  drift.  Some  ascribe  it  to 
interglacial,  some  to  preglaoial  stream  cutting  (p.  lii.'l); 
but  so  far  as  the  Niagara  problem  is  concerned,  the  exact 
orif/in  of  the  gorge  is  of  little  importance. 

The  question  immediately  concerning  us  is  how  far  this 
gorge  reached.  Pohlman1  believes  that  it  represents  the 
down-stream  extension  of  the  ancient  Tonawanda  ('reek 
and  that  the  gorge  portion  of  this  stream,  now  partly 
buried,  really  extended  up  tin-  course  of  the  Niagara  as 
far  as  the  railway  bridges.  Joining  this,  according  to  IN.hl- 
man,  was  a  tributary  from  the  northeast,  also  along  tin- 
present  course  of  the  Niagara,  having  its  source  below 
the  Whirlpool.  The  post-glacial  Niagara  encountered  tin 
interglacial  or  pivgljn-ial  gorges,  and  quickly  cleared  them 
out,  so  that  a  very  large  portion  of  the  present  gorge  was 
formed  before  tin-  present  Niagara  was  born,  and  was 
cleared  of  its  drift-tilling  much  more  rapidly  than  the 
present  rate  of  retreat  of  tin-  I  b.rseshoe  Fall.  According 
to  Pohlman's  argument,  the  ,-igt-  of  the  Niagara  gorge,  that 

is    the    length     of    tin-    post-glacial     time,     [g     about     .'!. > 

years. 

Xo  one   appears   to    have   accepted    I'ohlman's   arguim-nt 


i  Proc.  AI.I.T.  Asaoc.  Adv.  Sci.   XXXII.   I--  une,   XXXV, 

Trans.  Ainrr.   [n8t.   Mmm-    Eng.,    XVII,    L8( 
X.\\  III.   I :MI I,  235-244. 
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in  full,  though  some  have  followed  it  in  part.  Spencer1 
argues  against  the  theory  that  the  gorge  extended  up 
stream,  as  Pohlman  suggested.  Indeed,,  in  his  later  papers2 
he  accepts  the  evidence  presented  by  Claypole,  and  con- 
cludes3 that  there  is  rock  extending  across  the  supposed 
preglacial  gorge,  and  hence  that  it  was  not  a  continuous 
stream  course  from  the  Whirlpool  to  St.  David's,  but  a 
tributary  to  preglacial  Tonawanda  Creek.  Gilbert,4  how- 
ever, says  that  the  St.  David's -Whirlpool  gorge  is  a  well- 
defined,  filled  channel,  and  not  rock  interrupted.  He  thinks 
that  it  extended  up  the  present  course  of  Niagara  for  a 
distance  of  200  or  300  yards,  and  perhaps  even  further 
than  this.  Wright5  believes  that  the  buried  gorge  was 
made  by  a  small  preglacial  stream,  and  that  the  age  of 
Niagara  gorge  is  from  10,000  to  12,000  years.  Upham6 
suggests  that  the  buried  gorge  extended  up  stream  along 
the  present  course  of  the  Niagara,  and  explains  the  narrow- 
ness of  the  Whirlpool  Rapids  section  on  this  basis.  He 
estimates  the  age  of  the  gorge  at  from  5,000  to  10,000 
years.  A  very  different  conclusion  is  reached  by  Taylor,7 
who  ascribes  the  buried  gorge  to  the  action  of  a  cataract 
that  had  just  reached  to  the  southern  side  of  the  Whirl- 
pool basin  when  the  glacier  advanced  to  stop  its  work.8 
His  estimate  of  the  age  is  50,000  years,  or  perhaps  less. 

From  this  maze  of  conflicting  estimates,  it  is  impossible 
at  present  to  reach  a  definite  conclusion.  The  best  I  can 
do  is  to  state  what  seems  to  me  to  be  the  present  status 
of  the  problem  of  the  post-glacial  history  of  the  gorge. 


JAmer.  Nat..  XXI,  1887,  269-270. 

2  Spencer,  Proe.  Amer.  Assoc.  Adv.  Sci.  XLIII,  1894,  244-246;  Amer.  Journ.  Sci. 
CXLVI1I,  1894,  455-472;  Amer.  Geol.,  XIV,  1894,  298-301. 

3  Science,  VIII,  1886,  246.     See  papers  by  Scovell  announcing  the  discovery  of  a 
buried  channel  near  Niagara,  Amer.  Geol.,  Ill,  1889,  195-196;  Proc.  Amer.  Assoc.  Adv. 
Sci.  XXXIX.  1890,  245-246. 

4 Amer.  Geol.,  XVIII,  1896,  232. 

5  Amer.  Journ.  Sci.  CXXVIII,  1884,  32-35. 

6 Bull.  Geol.  Soc.  Amer.,  IX,  1898,  101-110.     See  also  Amer.  Geol.  XX VIII,  1901, 
235-244. 

7  Bull.  Geol.  Soc.  Amer.,  IX,  1898,  56-84. 

'See  also  Davis,  Amer.  Journ.   Sci.  CXXXII,    1886,   323;    also  Davis,  Johnson's 
Cyclopedia,  1895,  article  on  Niagara,  Consideration  of  the  Problem. 


In  the  early  post-glacial  stages  of  the  river,  it>  course 
extended  five  miles  beyond  the  presenl  mouth,  jis  shown 
by  Gilbert.1  This  gave  to  the  river  a  lower  base-level 


FIG.  159.     The  end  of  the  Niagara  gorge  and  the  lower  plain. 

than  that  of  the  present,  so  that  it  was  enabled  to  cut  ;i 
deeper  channel  than  was  later  possible.2  At  first  the  fall 
was  not  vertical,  being  made  over  the  north-sloping  escarp- 
ment; but  it  speedily  changed,  probably  to  a  series  of 
three  falls,  as  argued  by  Hall  (p.  -7V) ,  or  possibly  to  a 
torrential  rapid,  dependent  upon  the  thinness  of  the  Niagara 
limestone  at  the  lower  end  of  the  gorge.  Above  Foster 
Flats,  as  suggested  by  Pohlman,  the  river  may  have  en- 
countered a  buried  tributary  to  the  St.  I  )avid's- Whirlpool 
gorge;  or  the  drift-filled  valley  may  not  have  been  reached 
until  the  river  had  cut  back  to  the  northern  edge  <.f  the 
Whirlpool.  At  whichever  place  this  buried  valley  was  first 
encountered,  the  fall  abruptly  changed  to  a  rapid  stream, 
which  quickly  cleared  out  the  buried  gorge  as  far  as  it 
extended,  and  then  assumed  the  form  of  the  present  cata- 
ract. During  this  time  the  volum--  of  water  changed  as 
the  outflow  of  the  upper  (Ireat  Lake-  varied  in  position, 
as  has  been  stated  by  (Jilbert,  Spencer,  Wright  and  Taylor, 


'Sixth   Kept.    \i:ii.'ar:i   Comm.,    1  >•'.'".   ill    84. 

•  I>li;mi,    Hull.    Qeol.    Soc.    Am.-r..    IX.    !>'.'-     1"!    11". 

3 See  n-fVn  ii,-,  -    [pages  -Ml  ->•'>). 
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The  ingenious  argument  formulated  by  Taylor,1  corre- 
lating the  narrow  and  broad  parts  of  the  gorge  with  the 
variations  in  water  volume,  has  many  facts  in  its  support; 
but  it  must  certainly  be  held  for  the  present  as  no  more 
than  an  alternative  view  of  the  Niagara  gorge  history.  I 
feel  by  no  means  certain  that  his  conclusions  are  necessary. 
The  narrowness  and  shallowness  of  the  Whirlpool  Rapids 
section  of  Niagara  may  be  easily  explained  by  Pohlman's 
theory.  If  the  St.  David's- Whirlpool  gorge  was  formed 
by  a  stream  of  moderate  size,  its  width  would  not  have 
been  great,  especially  near  the  head  of  the  gorge;  and  with 
the  small  volume  of  water  available,  the  nature  of  the 
work  done  by  the  preglacial  fall  would  have  been  rather 
like  that  of  the  present  American  than  the  Horseshoe  Fall. 
The  gorge  bed  would  then  have  been  littered  with  massive 
limestone  boulders,  as  the  bed  of  the  Whirlpool  Eapids 
evidently  is  at  present.  Above  this  section,  that  is  from 
the  railway  bridges  to  the  present  cataract,  the  work, 
having  been  done  by  a  great  volume  of  water  acting  as  the 
present  Horseshoe  Fall  does,  would  be  represented  by  a 
great  depth  of  cutting. 

From  all  the  facts  that  have  been  put  forward,  it  would 
be  at  least  as  reasonable  to  explain  the  Whirlpool  Rapids 
channel  in  this  way  as  by  Taylor's  explanation, — namely,  by 
a  contracted  Niagara  during  -the  time  when  the  upper  Great 
Lakes  were  flowing  through  another  channel.  The  ledge  of 
sandstone  rock  mentioned  by  Taylor  as  existing  just  above 
the  Whirlpool,  on  which  he  bases  a  part  of  his  argument, 
may  well  represent  a  waterfall,  over  which  the  water  of  the 
preglacial  or  interglacial  river  flowed,  as  has  been  suggested 
by  Pohlman.2  It  has  been  said  that  this  explanation  is  at 
least  as  satisfactory  as  Taylor's;  it  may  be  claimed  that  it  is 
somewhat  more  satisfactory,  since  it  tells  why  the  Niagara 
River  turns  sharply  at  right  angles  at  the  Whirlpool. 

With  regard  to  the  variation  in  the  width  and  depth  of 


1  Bull.  Geol.  Soc.  Amer.,  IX,  1898,  56-84;  see  also  page  287  of  this  book. 

2  Proc.  Amer.  Assoc    Adv.  Sci.,  XXXV,  1886,  221-222;  Trans.  Amer.  Inst.  Mining 
Engineers,  XVII,  1889,  322-338. 


the  lower  gorge,  it  is  moiv  difficult  to  find  ;m  alternate  -x- 
planatioii  to  that  proposed  by  Taylor.  It  seems  possible, 
however,  that  preglacial  stream  valleys,  together  \\itli 
variation  in  the  mode  of  work  of  Niagara,  might  explain 
this  variation.  What  effect  the  change  from  a  section  of 
rapids  to  a  series  of  three  falls,  and  then  to  a  cataract, 
might  have  upon  the  width  and  depth  of  the  river  valley,  is 
not  yet  well  enough  known  to  warrant  overlooking  tin-  as  a 
possible  explanation  of  the  variation.  Taylor's  explanation 
is  certainly  a  remarkable  one,  especially  with  respect  to  tin- 
close  coincidence  of  alternations  of  broad  and  narrow 
gorges  with  the  known  alternations  of  large  and  small 
volume  of  water. 

While  the  discussion  by  Taylor  is  a  brilliant  one  and  has 
many  points  in  its  favor,  I  find  myself  unable  to  accept  his 
conclusions,  partly  because  they  do  not  seem  necessary, 
and  partly  because  they  lead  to  a  startling  conclusion, 
which  is  quite  at  variance  with  other  evidence. 

In  the  first  place,  if  the  age  of  Niagara  gorge  is  t'roin 
30,000  to  50,000  years,  as  the  studies  of  Taylor  and 
Spencer  seem  to  indicate,  the  lower  end  of  the  gorge  is 
from  30,000  to  50,000  years  older  than  the  upper.  Vet  m» 
very  noticeable  difference  in  effect  of  weathering  on  the  two 
ends  can  be  found.1  It  would  seem  that  such  a  long  t inn- 
must  have  permitted  considerable  effect  of  weathering, 
especially  as  the  rate  in  recent  years  is  known  to  have  lie. MI 
noticeable  in  the  lower  part  of  the  gorge  near  the  railway 
line. 

Moreover,  before  Niagara  was  bom,  beaches,  terraces, 
eskers  and  drumlins  were  laid  down  as  the  direct  or  indirect 
result  of  the  presence  of  the  glacier,  and  these  are  n..w  BO 
fresh  and  undestroyed  that  from  all  the  evidence  they  pre- 
sent they  might  be  no  more  than  1,0<M)  years  old.  Tiny 
stream  channels  on  deltas  are  still  preserved,  and  many 
other  delicate  forms  of  sculpturing  testify  to  the  youth  <>f 

1  WriRht,  SHcm-c,  vili.  1898,  502;   A.mer.  Qeol.,  \xn.  It  Blj   I'r...-.  .MM.T. 

A— or.    Adv.    Sci.,     XLVII.     1898,    299-300;    l'..).iil:ir    Scl.    M.>nlMy.     I,V.    Is1.'!'.    II.'. 
Sec    :i!so    Wriirlit,    Hull.    I-N-.A    In-t.,    XIII.   ISM,    71;    rph:.m.  Hull,  i  i.-..|.    BOC.  Al 
IX,  1898,  101-110. 
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the  deposits.  If  30,000  years  of  exposure  to  denudation  is 
not  sufficient  to  noticeably  modify  such  delicate  land  forms, 
surely  geologists  must  call  for  vastly  greater  periods  of 
time  than  they  are  in  the  habit  of  calling  for  to  account  foi 
the  planing  down  of  mountains  over  and  over  again. 
Such  a  conclusion  as  that  of  Taylor  seems  quite  out  of 
harmony  with  what  we  are  accustomed  to  believe  concern- 
ing the  rate  of  denudation.  It  would,  of  course,  have  to 
be  accepted,  if  actually  proved;  but  so  long  as  it  is  an 
hypothesis,  only  partially  supported,  one  is  justified  in 
hesitating  to  accept  it  when  another  explanation  seems 
equally  good,  or  better,  and  does  not- lead  to  so  great  and 
apparently  improbable  an  age  for  the  gorge. 

It  has  been  pointed  out  by  Hansen1  that  thirty  independ- 
ent estimates  of  post-glacial  time,  based  upon  different 
data,  give  results  of  between  5,000  and  12,000  years,2  so 
that  on  the  basis  of  probability  the  age  of  Niagara  gorge 
should  be  somewhere  between  7,000  and  10,000  years. 

Gilbert  says3  that  the  problem  of  the  age  of  Niagara 
cannot  "be  solved  by  a  few  figures  on  a  slate,  nor 
yet  by  the  writing  of  many  essays."  To  this  every  one 
who  has  given  attention  to  the  problem  must  assent.  The 
longer  the  study,  the  more  complex  the  problem  appears, 
and  we  are  bound  to  conclude  that  Niagara  is  not  a  good 
chronometer.  Until  more  evidence  has  been  obtained  con- 
cerning the  length  of  the  overflow  at  Nipissing  Pass,  which 
some  believe  to  have  been  long,  others  short,  we  may  have 
to  remain  in  doubt  whether  the  age  is  from  5,000  to  10,000 
years  or  from  30,000  to  50,000  years. 

The  present  rate  is  fairly  well  known ;  the  former  rate 
was  less,  for  a  time,  when  the  volume  of  water  was  dimin- 
ished ;  but  the  question  of  how  long  this  diminution  lasted 
cannot  be  answered  with  positiveness.  While  this  factor 
would  lengthen  the  time  to  an  amount  which  cannot  be 

1  Journ.  of  Geol.,  II,  1894,  142. 

2  Upon  this  subject,  see  Winchell's  discussion  of  St.  Anthony  Falls,  Fifth  Annual 
Kept,  Minnesota  Geological  Survey,  156-189;  Quart,  Journ.  Geol.  Soc.,  XXXIV,  1878, 
870-901;  Final  Rept.  Minnesota  Survey,  Vol.  II,  1888,  313-341. 

3  Sixth  Annual  Rept.  Niagara  Comm.,  1890,  83. 


definitely  stated,  it  is  worth  while  ti»  note  that  nearly  ;ill 
the  other  important  factors  for  variation  would  tend  to 
shorten  it  by  increasing  the  rate  of  river  work.  Among 
these  factors  the  more  important  ones  are  as  follows:  \\V 
know  that  the  limestone  in  the  lower  part  of  the  gor^v  ig 
thinner  than  at  the  present  cataract,  and  it  seems  certain 
that,  as  a  result  of  this,  the  rate  of  cutting  was  once 
greater.  At  that  time  the  height  of  the  fall  was  greater 
and  the  shales  beneath  were  thicker  and  hence  more  easily 
removed.  At  the  same  time  it  is  to  be  noted  that  the  mod,. 
of  gorge  formation  was  then  different  from  the  present,  for 
at  first  there  were  probably  three  falls  instead  of  a  single 
one.  In  places  the  gorge  is  narrower  than  the  one  at 
present  forming,  so  that  less  material  had  to  be  removed. 
Moreover,  it  seems  certain  that  a  part,  and  possibly  a  con- 
siderable part,  of  the  present  gorge  was  excavated  before 
the  present  Niagara  began  its  work. 

When  the  ice  sheet  was  withdrawn  there  must  for  a 
while  have  been  a  heavier  rainfall,  because  ,,f  the  neighbor- 
hood of  the  cold  ice  wall,  which  chilled  the  damp  air  from 
the  south,  doubtless  rendered  more  damp  than  now  becaii-e 
of  the  large  amount  of  water  near  the  front  of  and  flowing 
away  from  the  glacier.  This  rainfall  must  then  have  llo\\^| 
off  more  freely  and  carried  with  it  more  sediment  than  at 
present,  because,  when  the  ice  fir>t  withdrew,  there  \\a>  no 
forest  cover  to  the  land  and  at  first  no  coating  of  vegetation 
whatsoever.  There  is  evidence  in  many  of  the  gorgcv  of 
the  Finger  Lakes  of  central  New  York  that  this  wa-  BO, 
and  that  the  rate  of  work  done  in  the  early  stages  of  the 
gorge  formation  was  very  much  greater  than  it  has  been 
since  the  streams  became  diminished  to  their  present 
volume.  In  these  stream  valleys  there  are  usually  two 
gorges,  one  broad,  the  other,  inner  one,  narrow. 

While  it  is  certain  that  we  must  keep  in  mind  the  argu- 
meiit  brought  forward  by  Taylor  and  hold  it  as  a  working 
hypothesis,  we  must  admit  that  the  Niagara  prol.lem  i-  by 
no  means  solved.  Mvown  interpretation  of  the  evidence, 

. 

as    it    at    present   stands,    is  that    the   indications    are    rather 
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more  strongly  in  favor  of  the  theory  that  the  gorge  has 
required  less  than  10,000  years  for  its  formation  than 
toward  the  estimate  of  30,000  to  50,000  years.  The  basis 
for  the  latter  is  too  uncertain  for  its  acceptance  at  present, 
particularly  in  the  face  of  the  difficulties  which  it  brings 
forward.  There  is  work  yet  to  be  done  on  the  Niagara 
problem. 

FOSTER  FLATS.1 — The  rather  remarkable  projection  of 
the  side  of  the  gorge  at  Foster  Flats,  just  below  the  Whirl- 
pool on  the  Canadian  side,  is  worthy  of  special  study.  At 


FIG.  160.     The  Niagara  gorge. 

this  point  is  a  projecting  platform  of  Niagara  limestone 
forming  the  land  known  as  Wintergreen  Flat.  This  repre- 
sents an  old  river  bed  swept  clear  of  drift  by  the  current. 
Between  this  water- swept  limestone  platform  and  the  elec- 
tric car  track  there  is  a  bluff  of  drift  which  represents  one 
of  the  old  river  banks. 

Standing  on  the  northern  edge  of  this  platform  one  sees 
at  his  feet,  at  the  base  of  a  precipitous  wall,  a  north - 
sloping  valley  littered  with  huge  blocks  of  Niagara  lime- 
stone, and  bounded  on  the  west,  or  left,  by  the  normal 
gorge  wall,  on  the  right  by  a  low  ridge,  strewn  with  loose 
blocks  of  the  limestone. 

1  Gilbert,  Physiography  of  the  United  States,  New  York,  1896,  220. 


Gilbert's  explanation  of  these  facts   is  that,  ;i1    thi-  point 
there  existed,   ill    the    COllVsc  «>!'    tin-    Niagara,   ;i    -mail    i-lalid 

which  separated  the  cataract  into  two  ninM|ii;il  parN,  much 
as  the  larger  (Joat  Island  now  divides  the  Falls,  though 
with  this  exception, —  that  the  Canadian  Fail  was  then  the 
smaller.  The  larger  American  Fall  of  those  ancient  times 
naturally  retreated  more  rapidly  than  the  smaller  Canadian, 
and  soon  caused  a  withdrawal  of  the  water  from  the  Cana- 
dian side.  This  smaller  fall  had  swept  clear  the  channel 
and  rock  platform  just  described,  and  existed  as  a  fall 
somewhat  like  the  present  American  Fall.  For  a  while 
after  this  stage  the  small  Canadian  cataract  fell  eastward 
over  the  edge  of  Wintergreen  Flat,  and  then  the  larger  fall 
on  the  American  side  entirely  robbed  it  of  its  water.  The 
ancient  Canadian  Fall,  like  the  present  American,  having 
been  unable  to  remove  the  boulders  from  its  foot  by  grind- 
ing them  together,  has  left  them  there  as  one  of  the  silent 
witnesses  of  the  former  existence  of  the  falls.  The  narrow 
island,  which  was  responsible  for  the  division  of  the  river, 
was  so  small  that  it  was  not  able  to  withstand  the  later 
attacks  of  the  water  and  weather  and  has  ,-dimxt  entirely 
disappeared,  being  marked  at  present  only  by  a  low  ridgo 
which  separates  the  present  river  from  the  abandoned 
channel.  This  region  of  Wintergreen  and  Foster  Flats  is 
one  of  the  most  interesting  in  the  whole  course  of  Ni.-igara 
.River  and  well  worth  a  visit  by  tourists,  not  alone  for  its 
scientific  interest,  but  also  because  of  its  scenic  beauty. 
Notwithstanding  this,  not  one  in  five  hundred  visitors  stop 
off  to  see  it. 

FUTURE  OF  NIAGARA.1— Already  the  question  of  the  rapid 

change   in   the   present    form    <•!'     Niagara     Falls    has    I n 

briefly  considered.  Upon  the  assumption  that  the  c,,ndi- 
tions  at  present  in  existence  are  to  continue,  it  seems 
evident  that  in  time  the  American  Fall  will  be  robbed  by 
the  Canadian,  and  that  there  will  come  to  be  another  dry 
platform  where  now  the  water  rushes  to  the  brink  of  the 


i  See  llall.'tr.  Qeol.  Mag.,  Decade  in.  i.  56      •  t. 
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smaller  fall.  Moreover,  when  the  cataract  retreats  up 
stream  and  reaches  a  region  where  the  limestone  becomes 
much  thicker,  its  rate  of  retreat  will  decrease;  and,  finally, 
when  the  shales  have  dipped  far  enough  into  the  earth  to 
have  practically  disappeared  from  the  reach  of  the  water, 
the  cataract  will  probably  change  to  a  series  of  rapids,  and 
Niagara  Falls  will  of  course  disappear. 

But  there  may  be  some  interference  with  this  normal 
future.  Leaving  out  of  the  question  what  man  may  do,  it 
is  by  no  means  impossible  that  the  water  of  Niagara  may 
be  entirely  withdrawn  from  the  present  river.  There  is 
evidence  enough  that  the  level  of  the  land  is  very  unstable, 
and  that  this  very  instability  has  previously  caused  the 
withdrawal  of  the  water  from  the  Niagara  channel  by  open- 
ing lower  outlets  for  the  Great  Lakes. 

Spencer1  brings  forward  evidence  that  the  region  near 
the  Niagara  River  has  recently  changed  in  level,  and  con- 
cludes that  there  is  an  uplift  still  in  progress  at  the  rate 
of  about  1%  feet  a  century.  If  this  rate  should  continue 
in  the  future,  as  Spencer  believes  it  has  for  the  past  1,500 
years,  the  Great  Lakes  will  discharge  into  the  Mississippi 
past  Chicago  in  about  5', 000  years  from  now.  Gilbert2  has 
more  recently  reached  a  similar  conclusion.  As  the  result 
of  a  very  delicately  made  survey,  he  finds  that  there  has 
apparently  been  a  change  in  level  during  the  time  that 
has  elapsed  since  certain  bench  marks  were  located  near 
the  shores  of  the  Great  Lakes.  This  recent  change  amounts 
to  6  inches  a  century  at  Duluth,  9  inches  at  Toledo,  and 
9  to  10  inches  at  Chicago.  If  this  rate  of  uplift  continues, 
the  waters  of  the  Great  Lakes  will  begin  to  spill  over 
the  rim  at  Chicago  in  from  500  to  600  years  from  now, 
and  in  3,500  years  Niagara  will  be  dry.  To  this  predic- 
tion, however,  one  cannot  attach  any  more  weight  than  to 


!Amer.  Journ.  Sci.  CXLVII,  1894,  207-212;  Proc.  Amer.  Assoc.  Adv.  Sci.  XLIII, 
1894,  243-246;  Amer.  Geol.,  .XIV,  1894,  298-301;  Araer.  Journ.  Sci.  CLVIII,  1894, 
455-472. 

!Nat.   Geog.   Mag.,  VIII,  1897,  233-247;    Eighteenth  Annual   Eeport  U.  S.  Geol. 

Survey     595-647.      See    abstract    of   this    in    Bull.   Amer.   Geog.    Soc.,    XXXI,    1899, 
156. 


the  numerous  estimates  of  the  length  <•!'  tinif  <icciii»i.-il  in 
the  formation  of  the  ^or.-v.  The  future  of  Niagara,  as 
well  as  its  past,  is  wrapjM-d  in  iinc«-rtaiuty. 

NOTE.  — It  is  not  pretended  that  the  bibliography  in  this  paper  is   compli-ii-.     A 
number  of  references  (as  to  Belt,  Bigsby,etc.,)  which  I  have  had,  were  in  vnlunii--  m.i 
accessible   to  me;   others  were   omitted   to  save  space.     A   bibliography  of    Niagara. 
especially  the  popular  accounts,  will  be  found   in   the  Tenth    Report  of   tin-   Nia. 
Commission,  1894. 72-1 07,  and  also  in  Eleventh  Report,  75-81.    s.-,-  also  the  liil.li"irra|>liy 
in  <4rabau's  paper,  Bull.  Nf\v  Y»rk  State  Museum,  No.  4."..  l.vil.  •_'."•::  'Jt'rj.     In  mo-i  ,,{ 
the  geological  text-books,  as  those  by  Dana,  Geikie,  Le  Conte,  Wiiu-ln-ll.  and  otl. 
Niagara  is  at  Ica^t  mentioned.     See  also  the   earlier  text-books,  as  Bakfwll.   Intro- 
duction   to    Geology;    De    la   Beche,    Geological    Manual,    and    Ly^H'- 
Geology. 


CHAPTER  X 

THE    SHORE    LINES1 

NATURE  OF  THE  COAST  LINE. — As  one  looks  at  the  map 
of  New  York,  the  first  thought  is  that  the  coast  line  ex- 
tends over  a  very  small  area;  but  strictly  there  is  a  rather 
extensive  stretch  of  shore  line,  for  not  only  must  the  entire 
boundary  of  Long  Island  be  included  (Figs.  174  and  176), 
together  with  the  coast  in  the  vicinity  of  New  York,  but 
the  shores  of  the  Hudson  as  far  as  the  tide  extends;  that 
is  about  as  far  up  as  Troy.  Then,  also,  there  is  the 
extended  southern  coast  of  Ontario,  and  a  part  of  Erie, 
within  the  State  boundaries,  besides  the  shores  of  many 
other  lakes,  large  and  small. 

It  is  fair  to  consider  the  lake  and  ocean  shores  together, 
since,  broadly  speaking,  they  are  the  same  in  kind  and 
origin.  On  exposed  coasts,  as  on  the  outer  end  of  Long 
Island,  the  wave  action  is  more  powerful  than  it  can  be 
in  any  lake;  but  the  lake  waves  in  Ontario  are  more 
powerful  than  the  ocean  waves  in  protected  parts  of  Long 
Island  Sound;  and  in  many  of  the  small  lakes  of  the 
State  the  power  of  the  waves  is  as  great  as  in  the  Hudson 
estuary.  In  intensity,  therefore,  the  wave  action  in  lakes 
resembles  that  in  ocean  bays;  but  even  where  the  waves 
are  more  powerful,  as  on  exposed  ocean  coasts,  the  results 
produced  upon  the  shore  lines  differ  from  those  in  lakes 
and  bays  only  in  degree,  and  not  in  kind. 

Besides  the  greater  intensity  of  open  ocean  waves,  there 
is  also  a  difference  between   lakes  and  oceans  in  the  tidal 


1  For  general  discussion  of  shore  lines  see  Gilbert,  Fifth  Annual  Report,  U.  S. 
Geological  Survey,  1885,  69-123;  Monograph  I,  U.  S.  Geological  Survey,  1890,  23-89; 
Gulliver,  Proc.  Amer.  Acad.  Arts  and  Sciences,  XXXIV,  1899,  151-258  (contains  an 
excellent  bibliography) ;  Desor,  Foster  and  Whitney,  Lake  Superior  Report,  Part  II, 
1851,  256-270. 
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action  of  the  latter.  Tides  and  tidal  enm-nts  art-  pr.-n-ti- 
cally  absent  from  small  lakes,  and  hardly  nuiic.^ihl.-  in  the 
larger  ones,  such  as  Ontario;1  but  in  the  sea  they  arc  V.TV 
effective  agents  of  change.  Another  difference  between 
lake  and  ocean  coasts  is  the  life,  both  plant  and  animal, 
which  produces  marked  influence  on  certain  shore  line-. 
Otherwise  these  coasts  are  much  alike,  essentially  the  same 
changes  being  in  progress,  and  the  same  general  results 
being  produced. 

EFFECT  OF  ELEVATION. — Given  a  sea  shore  standing  at 
one  level  fora  considerable  time,  let  us  examine  the  result-. 
The  waves  would  gnaw  their  way  into  the  land,  and  the 
currents  would  deposit  the  debris  off  shore,  naturally  strew- 
ing it  more  or  less  regularly  over  the  bottom.  In  time  tin- 
result  would  be  an  off-shore  submarine  plain,  composed  of 
unconsolidated  debris.  Now,  let  us  assume  an  uplift  wlm-h 
raises  a  part  of  this  sea-bottom  plain  into  the  air— such 
an  uplift,  for  instance,  as  might  extend  the  ro,-i>t  <>f  New 
York  and  New  Jersey  forty  miles  further  seaward.  This 
would  elevate  into  the  air  a  level  coastal  plain  traversed 
by  some  valleys  and  dotted  with  basins,  in  which  w.-iter 
would  soon  gather;  but  the  boundary  Line,  where  the  sea 


1  The    tides    and    other    fluctuations   in    level    of    tin-    (ireat     Lakes,    inclinlin-   Hie 
seiches,  are  described   in  the  following   papers;    Dearl.orn.  Amer.  Journ.  Sci. 
]s_".i.  78-94;   Whiting.  Anier.  Journ.  Sci.   XX.   1831,  205-19;    Sharp.-.   Phil.   Mai:..  IX 
Ser.  1831,  117-l!i;   .Mather,  Geol.  Survey  Ohio.  -Jd  Annual   Kept..   1-    - 
soy,  same,  50  53;   Dewey,   Amer.  .Journ.   Sci.    XXXIII.   1838,   103  5;   same,   \\XVii. 
1839,  242-3;  Rubles,  Amer.  .Tourn.  s,-i.  XIA.  1843,  18-27;   Hall.  Fourth  IM-I 
New  York.   IM!!,    tO,S-410;    Dewey.  Amer.   .1..imi.    Sci.    1,11.   1846,85    7:    I. III.    1847,    III; 
Mather,   Ame,-.  .Tourn.   Sci.    IA'1.    1848.    1  20;    Poster,    Proc.    Amer.    ^cad.    Art- 
Sciences,   II,   l,sls-:,L',  i:!1-C>;    1-Vster  and    Whitney.  hake   Superior   Report.   1850 
Whittlesey.  Poster  and  Whitney,  Lake  Superior  K'eport.  Part   II.  1851,319  339;  Amer. 
Journ.  Sci,  LXII,  1851,  143-4;   Lachlan,  Amer.  Journ.  Sci.  LXIX,  11\  "'•'   ' 

lA'X,    is:,:,.   45-53  (from    ('ana. Man   Journal,   July,    1854);    Whittle. e> 

A8SOC.      AdV.     Sci.,     XI,     18:>7,      ir.l-f.il;     Whittlesey,     Amer.     .loiirn.      8ci.      LJ 

L859,  305-310;    U7;    Dewey,  same,    LXNVll.    1859,   398    199;    LXX1X,    l»  01; 

Graham,   Proc.   Amer.  Assoc.  Adv.  Sci.   XIV,   I860,  52-60;  Whittl<    ey,  PKX 
Assoc.- Adv.  Sci.  XXII,  1873,42-6;   same,  5X111,1874,139-143;   I- 
1-71.  504-506;  Schermerhorn,  Amer.  Journ.  Sci.  CXXXI1I,  IW 

Nature.  XXXIX.  1889,  582;    l»rummo,,,i.  Nature.   XL,  1889,  111      • 

lust..  11,  1890  91,  154  7:  Harrington,  Nature,  XI. IX.  ; 

Chief  of  Engineers  U.  S.  Army,  1894,  Parl  6,  34  II          •  ,  VII 

I,s:i7.  238    12. 
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and  land  meet,  would  form  a  rather  straight  coast  line. 
The  conditions  at  present  illustrated  on  the  Texas  coast 
would  in  general  be  reproduced;  and,  as  in  the  case  of  the 
Texas  coast,  the  waves  and  currents  would  act  upon  the 
soft,  unconsolidated  clays  and  sands  of  the  old  sea- bottom 

plain. 

No  such  condition  as  this  is  noticed  in  New  York  State 
at  the  present  day ;  but  at  the  time  when  the  Hudson  River 
reached  seaward  (p.  188)  to  the  edge  of  the  continental 
shelf,  the  contact  of  waves  and  land  was  at  times  of  this 
nature;  and,  farther  back  in  time  when  the  great  Paleozoic 
sea  covered  western  New  York,  and  the  soft  shales  and 
sands  of  late  Paleozoic  age  were  being  lifted  out  of  the 
ocean  by  the  Appalachian  Mountain  uplift,  similar  condi- 
tion doubtless  existed  in  a  part  of  the  State  now  far  removed 
from  the  sea  shore. 

EFFECT  OF  DEPRESSION.  * — Grant  the  same  coast  with 
which  we  started  before,  but  this  time  assume  the  land  to 
be  depressed  instead  of  the  sea -bed  to  be  elevated,  and  the 
conditions  produced  will  be  found  to  be  very  different. 
Streams  have  been  flowing  over  this  land,  so  that  it  has 
been  carved  into  hills  and  valleys;  and  now,  as  the  sea 
encroaches  upon  the  sinking  continent,  it  enters  up  the 
valleys,  forming  bays,  while  the  hills  between  them  form 
projecting  headlands — capes  if  small,  peninsulas  if  large 
(Fig.  161).  With  continued  sinking,  the  sea  reaches  over 
cross  valleys,  forming  islands  with  straits  behind  them; 
and,  if  the  submergence  proceeds  still  further,  some  of 
these  lower  hill- tops  become  entirely  submerged,  forming 
shoals. 

Such  a  coast,  in  contrast  with  one  due  to  elevation,  is 


1  The  literature  on  submerged  coasts  is  exceedingly  extensive,  and  the  following 
references  are  to  only  a  few  of  those  which  describe  the  region  included  in  this 
paper:  De  Geer,  Amer.  Geol.,  XI,  1893,  22-44;  De  Geer,  Proc.  Boston  Soe.  Nat. 
Hist.,  XXV,  1891-92,  454-477;  De  Geer,  Amer.  Geol.,  IX,  1892,  247-49;  Upham,  Bull. 
Geol.  Soc.  Amer.,  I,  1890,  563-67;  Upham,  Proc.  Amer.  Assoc.  Adv.  Sci.,  XLI,  1892, 
171-3;  Upham,  Bull.  Geol.  Soc.  Amer.,  Ill,  1892,  508-11;  Cook,  Geol.  Survey  New 
Jersey,  Cape  May  Report,  1857,  15-65;  Cook,  Amer.  Journ.  Sci.,  LXXIV,  1857,  341- 
354;  Cook,  Annual  Rept.  Geol.  Survey  New  Jersey,  1885,  57-70. 
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Flu.  161.     A  map  of  the   drowned   coast    »(   a    part    <>(   Alaska  wln-n-   tin-    -••:(   •  ntt  r- 
far  into  the   land    in   nmnrrous    lirain-liin^  i-li:iiini-N. 


markedly  irregular,  the  ;iiimiint  ami  nature  <>!'  tin-  iri'c.Lru- 
larity  vai-yiu.^  with  tlif  amount  of  subsidence,  tlie  nature  ».(' 
the  rocks,  uiid  the  extent  to  wliich  the  land  has  1  .....  n  dis- 
sected liy  streams.  Thus  in  the  (1anadian  i-e^ion,  \vh.Mv 

the  submergence  has  lie.-n  extensive,  and  the  liai-d  n>ck-  of 

the  country  were  jnvvioiisly  cai-ved  l»y  the  action  of  iri-i-at 
rivors,  not  only  liave  innunieralile  -mall  l»ays,  >ti-aits,  <-a]ies 
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and  islands  been  produced,  but  also  immense  bays,  like 
Hudson  Bay  and  the  Bay  of  St.  Lawrence,  immense  pen- 
insulas, like  those  of  Labrador  and  Nova  Scotia,  large 
islands,  such  as  Cape  Breton  Island,  Newfoundland,  etc., 
and  extensive  shoals, — completely  submerged  hills, — such 
as  those  forming  the  Fishing  Banks.  A  similar  subsidence 
has  produced  the  irregular  coast  of  the  British  Isles,  and 
has  severed  them  from  the  mainland  by  admitting  the  sea 
across  the  divide  between  two  valleys,  thus  forming  the 
English  Channel. 

In  like  manner  the  rocky  coast  of  New  England,  with 
its  innumerable  islands  and  bays  (Figs.  162  and  173),  and 
the  still  more  deeply  indented  fjord  coast  of  Norway,  tell  of 
the  entrance  of  the  sea  into  a  sculptured  land  of  hard  rock. 


FIG.  162.     A  photograph  from  Mt.  Desert,  on  the  Maine  coast,  showing  the  numerous 
islands  formed  by  the  drowning  of  an  irregular  land  area. 

On  the  other  hand,  the  sinking  of  a  land  of  softer  strata, 
possessing  a  more  subdued  topography,  produces  a  coast  of 
irregular  form,  but  of  much  less  ruggedness.  Such  a  coast 
is  well  illustrated  in  Chesapeake  Bay  and  the  other  irregu- 
larities of  the  land-border  south  of  New  York. 

The  depressed  coast  of  the  New  York  section  stands 
midway  between  these  two  extremes,  having  some  charac- 
teristics of  each.  Long  Island  Sound  (Fig.  174)  resembles 
the  Chesapeake  rather  than  the  fjord  type  of  depressed 
coast;  but  the  Hudson,  where  it  crosses  the  hard  strata,  is 
a  true  fjord  of  great  length.  The  Bay  of  New  York  (Fig. 
176) ,  the  islands  near  the  city,  including  Long  Island  itself, 
and  the  narrow  straits  between  these,  are  all  the  result  of 


The    Shore    Lines  :;o."j 

depression  of  the  land.  In  fact,  tin-  site  of  New  Y<>rk  City 
and  its  great  possibilities  as  a  seaport  are  dm-  to  tin-  de- 
pression, first  by  forming  a  harbor,  and  -proudly,  by 
furnishing  protected  water  communication,  both  eastward 
along  Long  Island  Sound,  and  northward  along  tin-  Hudson, 
and  thence,  by  other  means,  westward. 

This  depression  of  the  coast  in  the  vicinity  of  New  York 
City  seems  to  be  still  in  progress,  both  on  Long  Island  and 
on  the  New  Jersey  coast.  In  the  latter  section  various 
signs  of  subsidence  have  been  discovered  and  discussed  by 
the  state  geologist,  the  conclusion  which  he  reached  bcnur 
that  the  present  rate  of  sinking  is  about  two  feet  a  century.1 

The  formation  of  an  irregular  shore  line  may  be  pro- 
duced in  other  ways,  as  by  mountain  folding  or  by  volcanic 
action,  both  of  which  will  cause  islands,  peninsula-,  bay-. 
etc.,  but  neither  of  which  is  at  present  represented  within 
the  boundaries  of  New  York.  Another  cause  for  irregu- 
larity of  coast  lines  is  illustrated  in  Lakes  Ontario  ;md 
Erie  (p.  264).  It  has  been  shown  that  the  land  has 
recently  risen  in  that  section,  with  a  greater  uplift  in  the 
north  than  in  the  south.  This  lias  acted  upon  the  water 
of  the  lakes  of  the  State  much  as  the  tipping  of  ;t  ba-in 
of  water  would  act,  that  is,  lowering  the  level  of  tin- 
water  on  one  side  and  causing  it  to  rise  «»n  the  opposite 
side.  The  tilting  of  the  land  lias  caused  an  encroachment 
of  the  lake  waters  upon  the  southern  shore,  SO  that  the 

lower  valleys  have  in  some  cases  1 n  entered  by  the  lake 

water  and   transformed   to   bays    (Figs.  !»'.::,    1S1    and    1  > 
An  examination  of  a  map  of  the  State  will  furnish  abundant 
illustrations    of    bays    of    this    origin    along    the    -outhern 
shore  of  Lake  <  Mitario. 

The  valleys  occupied  by  the  lakes  were  of  course  formed 
before    the    lake  water    occupied    them,   often    luiviug    been 
formed   by  stream   erosion   and   transformed   to   basins 
various   causes,  in  New  York  State  diieily  by  drift    dams 


i  Cook.  (irol.   Surv.-y  NV\v  Jersey,   <':>\>-    MMV   U.-]».n.    18J 
Jour.,.  Sri..  I, XXIV.   1857,  341-354;    Cook,  Amm:,l   I; 
1885,  .".7-70. 
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across  some  part  of  the  stream  valley.  .Many  of  the  linear 
lakes  of  New  York  occupy  parts  of  river  valleys,  a-  is 
especially  well  illustrated  in  the  case  of  Lake  ( 'hamplain 
(Fig-.  U!4).  When  the  dam  for  this  lake  was  built  and  water 
ponded  behind  it,  this  naturally  entered  the  side  valley. . 
forming  bays,  capes,  islands  and  straits,  much  as  the  sea 
water  has  formed  them  when  the  land  has  subsided.  Th.  se 
irregularities,  which  are  so  well  illustrated  in  tin-  case  of 
rhamplain,  are  often  in  part  due  to  the  effect  of  tilting  of 
the  land,  so  that  in  any  individual  case  it  may  be  diffi- 
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l'i<;.   ll'i.'i.      Map   ot'  rv   |Mirtinii   of   Ilir   Tliou  -:i  ml     I-l:iml-.   \vh<-n-   tin-   wnli-rs   of 
(>nt:irio  ri-i-  over  a   lo\v,  liilly   lanil   siirfarr.  -iiliiniTiriiiu'  :'  I'^rt  ainl 
ing  the  liit,rln-r  |Mirtinii<   into   KlamK   ami 


cult  to  assign  to  each  of  these  two  causes  it-  relative  im- 
portance. The  niai-ke<l  irre^iilai'ity  of  the  eastern  end  .if 
Lake  Ontario,  im-luding  the  Tln»ii<and  Islands  (  .  Kig.  lii.'i),  is 
due  to  the  rise  of  the  lake  waters  over  pre-existing  land 
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until  they  have  overflowed  across  the  irregular  land  area, 
in  this  case  a  low  hilly  divide;  for  the  Thousand  Island 
outlet  is  in  no  sense  the  preglacial  course  of  a  stream  of 
large  size. 

DESTEUCTIONAL  FOKMS. —  Having  briefly  considered  the 
causes  for  the  marked  difference  between  coasts  resulting 
from  land  movement,  we  will  now  proceed  to  the  con- 
sideration of  some  of  the  minor  changes  to  which  a  coast 
of  either  origin  is  subject. 

Waves  are  the  most  potent  of  the  aqueous  forces  which 
are  working  toward  the  modification  of  the  coast  lines. 
Beating  incessantly  against  some  parts  of  the  shore,  they 
find  two  tasks  to  perform — one  to  grind  off  fragments,  the 
other  to  dispose  of  them.  In  places  where  the  materials 
obtained  by  the  waves,  whether  by  their  own  action  or 
supplied  by  other  causes,  can  be  removed,  either  by  wave 
or  current  action,  the  shore  line  is  attacked  and  cut  back, 
producing  certain  forms  which  may  be  classed  as  destruc- 
tional  forms.  The  attack  of  the  waves  upon  such  a  coast 
line  varies  in  intensity  primarily  with  the  force  of  the  waves 
and  the  hardness  of  the  rock,  being  most  rapid,  other 
things  being  equal,  where  the  rock  is  soft  and  the  wave 
action  vigorous. 

Where  the  strata  are  soluble,  as  along  limestone  coasts, 
solution  is  a  factor;  and  in  many  rocks  the  disintegration 
of  the  minerals  is  hastened  by  the  salt  of  the  spray  and 
by  other  impurities  from  the  sea  water. 

Aside  from  the  action  of  solution,  the  waves  are  often 
able  to  wrest  off  fragments  by  their  direct  blow,  as  the 
result  of  the  compression  of  air  in  cavities  and  the  tremen- 
dous hydraulic  pressure  produced  by  the  wave  blows.  By 
means  of  the  materials  obtained  by  this  action,  together 
with  the  supply  furnished  from  the  land  by  weathering,  by 
wind  and  by  rivers,  the  waves  are  supplied  with  effective 
tools,  with  which  they  can  batter  the  rocks  of  the  coast 
and  wear  them  back.  It  is  mainly  by  this  mechanical  work, 
rather  than  by  solution,  that  the  coasts  are  worn  back  into 
the  land;  and  among  the  factors  involved,  the  most  ini- 
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portant  is  the  mechanical  action  of  tin-  waves  armed  with 
rock  fragments. 

The  battering  ram  of  wave  action   is  concentrate,!  along 
a    moderately    narrow    ]»lanc,    its    width    varying    with    the 


Fin.  100.    A  wave-cut  cliff  in  uneonsolidated  strata  on  the  shore  of  l.aki   Mii-liii:an. 
That   this  cliff  is  l>eing  cut  back  at  the  present   time  is  proved   Ky  tin-  :\\>- 
of  vegetation  on    its    face   and   by  the   very    narrow   lieai-li   at    Its   base. 

height  of  the  waves;  IMII  even  in  this  /.one  there  is  ;i  still 
smaller  belt  of  maximum  wave  attack,  and  along  this  belt 
the  waves  saw  into  the  rocks  with  a  rapidity  which  in  many 
places  is  sufficient  to  be  noticeable  in  a  single  lifetime. 
This  /one  of  maximum  wave  action  swings  up  and  down 

with  the  tides,  and   this  swing  const itnte<  of  the  ditVer- 

ences  between  lake  and  sea  shores;  but  even  in  lake-,  the 
fluctuations  in  level  due  to  seiches  ami  other  causes  (  p.  .'I'M  ) 
produce  a  certain  swing  in  the  /one  of  maximum  wave 
attack. 

Where  the  waves   are  eatin--   into  soft,  anconsolidated 
strata,    the    removal    of    materials    from    the    /.oi f    Wave 
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FIG.  167.  A  wave-cut  cliff  on  the  shores  of  Lake  Ontario,  east  of  North  Fairhaven 
Bay.  This  is  a  drumlin  that  the  waves  are  cutting  back  at  a  very  rapid  rate. 
(J.  O.  Martin,  photographer.) 

action  undermines  those  layers  that  are  above  it,  causing  a 
succession  of  slides  and  slips,  and  producing  a  cliff  with 
the  slope  which  such  materials  naturally  assume  in  the  air 
(Figs.  166  and  167).  With  a  continuation  of  these  attacks 
such  a  cliff  is  cut  further  and  further  back  into  the  land, 
always  maintaining  a  steep  slope,  and  in  general,  free  from 
plant  cover  so  long  as  the  waves  are  able  to  remove  the  supply 
which  they  gain.  From  these  bare  slopes  much  rock  mate- 
rial is  washed  into  the  water  by  the  rain  and  rills,  adding  to 
the  burden  of  the  waves.  Such  wave-cut  cliffs  of  clay,  sand 
and  gravel  are  frequently  found  along  the  shores  of  the 
Great  Lakes  and  also  in  exposed  places  on  the  shores  of 
the  smaller  lakes. 

Much   the    same   result   occurs    where   the    waves    beat 
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FIG.  108.     A  wave-cut  rock  cliff  at  Castim-,  Mainr.  nv.-rli:mi;inj,r  alxiv.-  tlir  /. 

of  most  active  wave  attack. 


against  hard  rocks;  but  here  the  resistance  of  these 
durable  layers  often  permits  the  waves  to  undercut  the  dirt's, 
(Fig.  168)  forming  sea  caves.  More  commonly,  however,  the 
rock  cliffs  are  nearly  vertical,  with  a  slight  inclination  from 


FIG.  1G9.     A  wave-cut  clitY  <>(  -hsil.-,  fa.-.-.i  i.y  H  n:irr..w  pebble  be*ch,  :it 

New  York,  "ii  tlic   I'.rir  - 
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base  to  summit,  owing  to  the  greater  effect  of  weathering 
in  the  upper  portions  of  the  cliff.  Such  rock  cliffs  abound 
alon"-  the  Erie  and  Ontario  shores  in  New  York,  where  the 


Fiw.  170.  Jointed  face  of  a  wave-cut  shale  cliff  on  the  shore  of  Lake  Cayuga, 
New  York.  The  coast  has  been  slightly  modified  by  the  building  of  a  railway 
on  the  beach  at  the  base  of  the  cliff. 

waves  have  been  cutting  into  nearly  horizontal  strata  (Fig. 
1G9).  Weathering  and  wave  attack  have  often  etched  out 
the  layers,  causing  the  harder  ones  to  stand  out  in  horizon- 
tal sheets  beyond  the  general  cliff  face.  Joints  in  the  rocks 
render  them  more  open  to  wave  attack,  and  their  effect  is 
often  seen  in  the  cliff  form,  which  is  frequently  made  up  of 
a  series  of  angles  and  smooth  joint  faces  (Fig.  170).  Where 
strata  are  inclined,  much  variety  in  coast  form  is  produced 
by  the  nature  of  the  inclination  and  the  variation  in  the 
hardness  of  the  strata. 

In  localities  where  the  rocks  vary  in  hardness  from  place 
to  place  alongshore  the  waves  often  etch  out  these  differ- 
ences, producing  chasms  and  tiny  bays  in  places  where  the 
rocks  are  softer.  One  often  sees  such  wave-formed  irregu- 
larities along  the  rocky  New  England  coast.  Numerous 
joints  in  a  certain  zone  also  give  rise  to  indentations  of  this 
nature,  as  is  frequently  illustrated  in  the  shale  cliffs  of  the 
Erie  shore;  but  such  wave-cut  bays  are,  of  necessity,  minor 
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shore  features,  because  as  soon  as  a  bay  of  slight  depth  is 
cut  the  waves  wear  themselves  ,,ut  l.y  1'rict i«.n  along  its 
sides,  thus  losing  force,  and  hence  ability  to  cut  1'tirthcr. 
No  real  large  bays  can  be  wave-formed. 

Under  favorable  conditions  waves  are  able  to  cut  back 
on  the  two  sides  of  a  tiny  promontory,  and  then,  aided  by 
weathering,  to  cut  behind  the  end  of  this,  leaving  it  a>  an 
island,  or  stark,  entirely  removed  from  the  mainland  i  Kiir. 
17-).  The  protected  seacoast  line  of  New  York  is  unt'a\<>r- 
able  to  the  formation  of  many  of  these  destructional  feat- 
ures  described  above,  and,  for  the  most  part,  furni>hes 
illustration  of  the  opposite  type  of  coast  line,  namely,  that 
due  to  processes  of  construction. 

CONSTRUCTIONAL  FORMS. — The  materials  furnished  to  the 
waves  and  wrested  by  them  from  the  coast  cannot  always 
be  at  once  removed.  Some  of  them  accumulate  at  the  base 
of  the  cliffs,  or  in  the  minor  indentations  of  the  shore  line. 


Km.  171.    A  tiny  pm-ki't.  i. <•;,'•],  mi  the  -ii..n^  ..f  Lake  Superior,  «h- •!•«•  tiir  i" ' 

wrested     from    tli.'    rhit,     linvr    !•.•.•  n     .Iriv.-n    into    a    protect^ 

coast. 

forming  beaches  (Fig.  171).  Tlie>e  become  mills  in  which 
the  waves  are  able  to  grind  the  rock  I'l-Mirim-nN  to  -ucli  a. 
size  that  they  arc  more  easily  removed,  All  along  tl >as1 
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line,  both  of  the  lakes  and  of  the  sea,  there  are  beaches  of 
this  kind,  some  of  them  pebbly,  others  sandy.  There  is 
a  decided  variation  in  the  form  of  the  beaches  under  vary- 
ing circumstances. 

The  simplest  beach  is  that  made  of  fragments  from 
near-by  cliffs  (Figs.  166-169).  Upon  this  the  waves  break, 
rolling  the  rock  fragments  to  and  fro  and  grinding  them 
finer.  By  the  aid  of  the  undertow  much  of  this  ground-up 
material  is  removed  and  distributed  over  the  bottom  off 
shore,  leveling  the  lake-  or  sea-bed;  but  much  is  also  dis- 
posed of  by  being  driven  alongshore;  for,  when  a  wave 
breaks  against  the  cliff  or  beach,  unless  it  approaches 
directly  upon  the  coast,  its  attack  is  diagonal  to  the  trend 
of  the  shore,  and  with  each  breaking  wave  the  fragments 
are  pushed  along  the  shore  in  front  of  the  wave.  When 
watching  the  breaking  wave  one  is  often  able  to  see  this 
movement  of  the  pebbles ;  l  and  it  is  equally  well  proved 
by  studying  the  transportation  in  the  direction  of  maximum 
wave  movement  of  rock  fragments  of  some  kind  that  can 
be  easily  identified. 

Added  to  these  two  causes  for  the  transportation  of 
wave-derived  materials,  is  the  current-like  movement  of  the 
water  itself,  produced  by  the  wind;  for,  when  the  wind 
blows  diagonally  against  or  parallel  to  a  coast  a  surface 
drift  of  water  is  produced,  which  moves  alongshore  in  either 
one  of  the  two  directions,  according  to  the  wind  direction. 
That  is  to  say,  the  current  moves  either  up  or  down  the 
coast,  and  parallel  to  its  general  trend.  This  wind-formed 
current  tends  to  drift  fragments  in  the  same  direction  that 
the  breaking  waves  push  them,  and  is,  therefore,  a  support 
to  wave  action;  but  it  must  be  considered  of  less  impor- 
tance than  wave  action,  because  it  is  never  powerful  enough 
to  move  any  excepting  the  smaller  fragments,  while  the 
breaking  wave  will  transport  good-sized  pebbles,  and  even 
boulders,  especially  when  imbedded  in  ice. 

Since  on  every  coast  there  is  one  direction  from  which 
the  average  wind-formed  waves  strike  with  greater  force  and 

1  Martin,  Amer.  Geol.,  XXVII,  1901,  331-334. 
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persistence  than  from  other  directions,  there  is,  <•!'  necessity, 
one  direction  in  which  tin-  rock  Fragment-  are  prevailingly 
moved.  For  instance,  on  the  shores  •  •!'  I.ak.-  Erie  ami 
Ontario  the  winds  from  the  western  quadrant  are  more  Fre- 
quent  than  those  from  the  .-astern,  and  so  tin-  m.-k  Frag- 
ments are  moved  farther  toward  the  easl  than  toward  the 
west.1  On  Long  Island,  on  the  other  hand,  the  wot  winds, 


FIG.  172.  The  harbor  of  Avalon  on  <  'atalina  Maud,  <  'alit'uniia,  >lniuin^  :i 
beautiful  crcsci-nt  ln-ndi  ;it  the  IICMI!  nf  a  li:iy  into  \\hifli  fr:ii,'iin-iit  ~ 
derived  from  the  headlands  arc  driven. 


From  the  land,  an-  much  less  effective  than  the  cast 
winds  From  the  ocean,  and  the  movement  of  partic].-  is 
therefore  From  the  east  (  Fiir.  174). 

While  we  have  considered  only  the  movement-  iv-ultiiii; 
from  wind  and  wave,  it  must  not  l»e  overlooked  that  on  tin- 
sea  shore  these  causes  For  the  movement  <>!'  particles  ;irc 
sometimes  aided,  sometimes  checked,  or  seriously  modified. 
by  the  action  of  the  tide.  In  some  pi,-  .....  -  tidal  currents 


wey,    Ain.-r.   .1. ,nrn.  Sol.,    Ml.    1846     -  I. III.    1847,    in.    Clark, 

Canad.   lust..    II.    1S!H)-!»1.    I :,  I    7.    1 1  arrin-t,,,..   Natun-.    M,l\.    I 
articles  rct'i-rri'il   tn  mi   jiaLTi-  :!C1. 
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are  so  powerful  that  they  furnish  the  dominant  force  in  de- 
termining the  coastal  form.  This  is  all  the  more  liable  to 
be  true  where  the  tidal  currents  are  powerful,  because  such 
currents  are,  as  a  rule,  much  less  well  developed  upon  ex- 


FIG.  173.  The  drowned  coast  of  Maine,  showing  a  part  of  Castine  harbor,  with 
peninsulas  and  islands,  one  of  the  latter  being  tied  to  the  mainland  by  a  bar 
built  in  the  lee  of  the  island. 

posed  coast  than  they  are  in  the  inclosed  bays  where  wave 
action  itself  is  normally  weak  and  hence  easily  counter- 
balanced by  even  tidal  currents. 

The  effect  upon  the  coast  form  of  these  various  causes 
for  removal  of  wave-derived  materials  is  very  pronounced. 
Rock  fragments  from  cliffs  are  often  driven  into  little  bays, 
where,  in  their  protected  position,  they  form  pocket  beaches 
(Figs.  171  and  172).  Or,  where  the  coast  is  more  irregu- 
lar, fragments  may  be  driven  from  the  exposed  outer  edges 
of  an  island  around  its  margin  to  the  protected  rear,  where, 
being  out  of  reach  of  the  waves,  they  form  bars,  which 
grow  until,  finally,  the  island  is  connected  either  to  another 
island  or  else  to  the  mainland  (Fig.  173).  These  tied 
islands  are  sometimes  connected  with  the  mainland  by  a 
single  bar;  at  other  times  by  a  double  one. 

In  other  cases,  where  the  coast  is  indented  by  bays,  the 
driving  of  the  particles  alongshore  oftentimes  builds  a  bar 
from  the  margin  of  the  bay  out  across  the  indentation  (Figs. 
174,  181  and  182).  Such  growing  bars  will  be  found  on 
almost  all  irregular  coasts,  sometimes  so  poorly  developed 
that  they  would  not  be  noticed,  excepting  upon  a  carefully 
constructed  contour  map;  or,  in  other  places,  forming  pro- 
nounced shoals,  dangerous  to  navigation  and  requiring  the 
location  of  buoys  and  even  lights  to  mark  their  dangerous 
positions.  When  still  further  developed,  these  bars  rise 
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well  above  the  water,  either  partly,  or,  in  many  cases,  com- 
pletely inclosing  the  bay.  Along  the  southern  shore  of 
Long  Island  excellent  illustrations  of  various  stages  of  this 
bay-closing  are  found  (Fig.  174). l  The  long  bar  of  Fire 
Island  beach  is  an  excellent  illustration  of  this,  the  frag- 
ments from  which  it  is  made  having  been  derived  by  the 
waves  from  eastern  Long  Island  and  driven  westward  by 
the  winds  and  waves,  perhaps  aided  by  tidal  currents. 

In  the  construction  of  such  bars  as  this,  the  waves  first 
of  all  drive  the  fragments  along  and  heap  them  up  to  the 
height  which  the  higher  waves  reach.  This  makes  a  bar  in 


PIG.  175.  The  surface  of  the  bar  of  Monomoy  Island  on  the  Massachusetts  coast, 
a  bar  built  up  by  the  waves  and  wind.  Under  the  influence  of  the  latter  the 
sand  is  still  shifting  about. 

the  sea,  whose  surface  is  exposed  to  the  air  under  ordinary 
conditions  of  weather,  being  reached  by  the  waves  only 
when  the  heaviest  storms  prevail.  On  some  coasts  the  bars 
are  of  pebbles;  but  along  the  Long  Island  shore  they  are 
made  of  sand.  During  the  interval  of  exposure  to  the  air, 
the  sand  particles  are  dried  and  brought  under  the  influence 
of  the  winds,  which  drift  them  about,  broadening  the  bar 
and  raising  its  surface  higher,  until,  finally,  habitable  land 
is  made  in  the  sea  (Fig.  175).  By  this  combined  action  of 
waves  and  wind,  which  piles  the  sand  into  narrow  strips,  a 

1  Rogers,  Kept.  Brit.  Assoc.,  IV,  1834,  11;  Mather,  First  Kept.  Geol.  of  New 
York,  1837,  76-84;  Second  Kept.,  same,  1838,  125-133;  Mather,  Geology  of  New  York, 
1st  Dist.,  17-33;  234-235. 
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Fir;.   17C>.      A    n-lii-f   111:1)1   of   N.-w   Jersey    -li»\vinu'   tin-   dro'.Mi.d    COUl    n>-;i!  rk, 

the   '•lifl-   smith   of   NI-NV    York,    tin-   I. ur-    fornn-.l     l.y   Hi.-    WaVOS,    tin-    -:ill 
hf-hind   them,  mid   the  cliffs  of  tin-  old  land   In-hind  these.     (Ne*   J  -"' 

Survey  Ma]'). 
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vast  amount  of  land  has  been  made  that  is  of  use  for 
purposes  of  summer  resort  and  for  the  homes  of  fishermen. 
The  surface  of  these  wave-  and  wind-constructed  bars  is 
usually  made  of  loose  sand,  irregular  in  form  and  fre- 
quently changing  in  outline  under  the  influence  of  the  vari- 
able winds.  Sand-dunes,  like  these  in  outline,  are  not 
confined  to  the  bars  that  have  been  built  in  the  sea.  They 
are  also  found  bordering  the  coast,  as,  for  instance,  on  the 
sandy  shores  of  Long  Island.1 

Sandy  Hook  (Figs.  176,  177  and  178)  furnishes  another 
illustration  similar  to  the  Fire  Island  beach.  On  the  New 
Jersey  coast  the  effective  wave- forming  winds  blow  from 
the  southeast  and  northeast,2  and  the  materials  which  these 
waves  derive  are  drifted  along  the  coast,  northward  by  the 
southerly  winds,  and  southward  by  the  northerly  winds. 
Owing  to  the  predominance,  or  rather  to  the  greater,  effec- 
tiveness, of  the  northeast  winds,  the  best  bar  is  that 
developed  south  of  Ocean  Grove  in  the  direction  of  Barne- 
gat;  but  an  excellent  bar  is  also  developed  on  the  northern 
end,  forming  Sandy  Hook.  Here  the  winds  from  the  north- 
east cannot  produce  a  great  effect,  because  of  the  protection 
furnished  by  the  land  to  the  north  of  the  Sandy  Hook  re- 
gion; but  the  waves  and  winds  from  the  southeast,  having 
a  much  larger  stretch  of  water  to  blow  over,  are  effective, 
and  the  sand  has  been  driven  along  before  them.  Tidal 
currents  have  doubtless  had  much  influence  in  determining 
the  form  of  Sandy  Hook,  especially  in  influencing  its  west- 
ward turn,  although  probably  the  principal  cause  for  this  is 
the  power  of  the  east  wind,  which  has  turned  the  end  of 
the  bar  landward. 


1  Mather,  Geology  of  New  York,  1st  Dist.,  30-32;  233-4. 

2  Bache,  Proc.  Amer.  Assoc.  Adv.  Sci.,  X,  1856,  171-2;   Bache,  Amer.  Journ.  Sci., 
LXXIII,  1857,  16-17;   Bache,  Proc.  Amer.  Assoc.  Adv.  Sci.,  XII,  1858,  80-92;  Bache, 
Amer.  Journ.  Sci.,  LXXVI,  1858,  334-342;  Appendix,  27,  U.  S.  Coast  Survey  Report, 
1858,    197-203;     Mitchell,  Science,   IX,  1887,  204-5;    Cook,  Annual  Rept.  New  Jersey 
Geol.  Survey,  1882,  80-83;  Cook,  Annual  Rept.  New  Jersey  Geol.  Survey,  1885,  57-96; 
Davis,  Proc.  Amer.  Acad.  Arts  and  Sciences,  XXXI,  1896,   303-332;  Gulliver,    Proc. 
Amer.  Acad.  Arts  and  Sciences,  XXXIV,  1899,  151-258.     For  reference   to  a  number 
of  other  papers  on  New  York  harbor   and  vicinity,  many  published   in  U.  S.  Coast 
Survey   Reports,    see    Nat.    Acad.    of    Science    Biographical    Sketches,  Vol.    I,    1877, 
205-212  (bibliography  of  A.  D.  Bache). 
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Before  Sandy  Hook  lia<l  been  built  mit  to  its  present  po- 
sition in  front  of  the  Xavesink  Highlands,  tin-  ocean  waves 
beat  directly  upon  the  New  Jersey  coasl  and  cut  the  Hill' 
which  faces  the  seaward  side  of  this  highland  (  Ki.irs.  17U 
to  178).  With  the  constant  supply  of  man-rial  from  the 
cliffs  to  the  south,  driven  alongshore  l.y  winds,  waxes  and 
tides,  the  bar  has  reached  further  and  further  northward, 
until  it  has  so  compassed  the  Navesink  region  as  to  protect 
the  cliffs  from  further  attack  by  the  waves.  In  ire«nrraphi«- 
nomenclature  such  a  growth  of  land  in  the  sea  as  is  n 


Fi<;.    177.     View  of  Sandy   Hook  from  Navesink   Ili^hhmiU  >ln>\viiiLr  the  liar 
ing  the  old  sea  cliff,  from   which   tin-  picture  was  taki-n. 


oi 


sented  by  the  Sandy  Hook  and  Fire  Island  bars  forms  the 
•iH'ir  l(t)«l,  in  contradistinction  to  the  oh/  Imnl,  of  \\hidi  ilie 
Navesink  Highlands  may  l>e  taken  as  a  type.  Through  th-- 
action  of  the  waves  and  winds,  in  a  manner  similar  to  tlmt 
which  lias  been  briefly  sketched  here,  a  va-t  anioiml  of  new 
land  has  been  built,  in  the  form  of  off-shore  bar-,  from  \,.\v 
York  City  southward  to  the  b'io  (irande. 

There  are,  besides  these  that  have  been  mentioned,  nu- 
merous other  forms  as>mned  by  bars.  In  some  places,  for 
instance,  a  xjiif  i^i'ows  directly  out  from  the  land  '  \\heiv.  at 
a  turn  in  the  lake,  the  opposing  winds  drive  fragments  lie- 
fore  them,  and,  in  the  conflict  of  foives,  build  the  bar  oiit- 

|  Tarr,  Ainer.  Qeol.,  XXII,  lyis,  1-112. 
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FIG.  178.  The  bar  of  Sandy  Book  stretching  from  the  cliffs  south  of  Long 
Branch  past  the  bays  of  the  drowned  coast  and  in  front  of  the  sea  cliffs 
of  Navesink  Highlands. 
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FIG.  179.    Crow  Bar  point,  a  spit  built  out  from  the  shores  of  Lake  Cayuga, 
New  York,  at  a  bend  in  the  lake. 

ward  (Fig.  179).  Elsewhere  the  spit  is  curved  at  the  end, 
forming  a  hook.  There  are  also  V-shaped  bars,  called  cus- 
pttte  forelands,1  with  the  angle  of  the  V  projecting  outward. 
Small  cusps  occur  on  many  coasts,  and  larger  euspate  fore- 


Fl<;.  180.      A   liiMikc.l    bar,   I'nnni'.l    l,y    the    Wavet    HM'.lityiii-   part    •  <(   a   .Irlla   mi    thr 
Eric   >lion-  at    Silver  Crn-k.  N<-w    York. 

lands  are  represented   by  Capes   Hatteras,  Canaveral   and 
Fear.     Deltas  opposite  the  moiitlis  of  streams  wliieh  enter 

i  Abbe,   Proc.    Boston    Soc.    Nat.    Hist..    XXVI,    1895,    189  197;    Gulliver,    Hull. 
Qeol    Soc    Amer.,  VII.   1895-96,  399-422;  Gulliver,  Geog.  Journ.,   IX,  1897, 
Gulliv.-r.  Proc.  Amer.  Acad.  Arts  and   Sciences,  XXXIV,  1899,  15]  258;  Tarr, 

l.,  XXII.  1898,  1-12. 
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lakes  or  bays  along  the  seacoast  are  often  modified  by  waves 
and  currents  until  they  lose  their  symmetry  of  form,  and, 
at  least  in  part,  become  bars  (Fig.  180).  In  a  discussion 
limited  as  this  is  it  would  be  impossible  to  present  a  com- 
plete analysis  of  wave  work  and  bar  construction,  so  that 


FIG,  181.     Bars  enclosing  the  Big  Sodus  Bay  on  the  Ontario  shore. 

no  attempt  is  made  to  explain  the  numerous  variations  from 
these  types  which  have  been  briefly  described. 

STKAIGHTENING  OF  THE  COAST. — The  effect  of  the  growth 
of  bars  along  an  irregular  coast  is  to  straighten  it,  as  one 
may  readily  see  by  examining  a  map  of  the  Long  Island 
or  New  Jersey  shores  (Figs.  31,  174,  176  and  178).  The 
headlands  are  cut  back,  bars  are  built  across  the  mouths  of 
bays,  and  the  bays  themselves  are  frequently  filled  and  ob- 
literated by  the  supply  of  material  brought  into  them  by 
streams  from  the  land,  by  winds,  by  waves  and  by  tides. 


Shore 


325 


Sediment  from  the  land  has  been  dumped  behind  th.-  bars 
of  the  New  Jersey  and  Long  Island  coasts,  and  tin-  sounds 

have  become  gradually  filled,  so  that,  in  some  ph s,  ;it 

low  tide,  there  is  direct  communication  between  tin-  <,1T- 
shore  bar  and  the  old  land.  Upon  the  sandy  and  muddy 
bottoms  of  inclosed  bays  which  are  being  thus  ill  led  by 
incoming  sediment,  marsh  grass  takes  root  and  aids  in  tin- 
completion  of  the  process  of  transforming  the  bay  to  a  level, 
swampy  plain  (Figs.  31,  32,  17(5  and  1JS:>).  This  is  at  lirst 
traversed  by  numerous  channel-ways  and  covered  by  tin- 
high  tide;  but  ultimately  it  is  transformed  to  a  level  plain, 


Km.  1S2.     Bar  enclosing  a  hay  at    North    Fairlia\  en,   on    the   Ontario   shore. 

which  is  reached  only  by  the  very  highest  tides  of  tin- 
year,  and,  later,  is  gradually  built  beyond  the  reaeh  .  ,f 
even  these.1 

These  salt  marshes  (p.  7.~>),  when  they  have  reached 
well  along  toward  completion,  are  well  adapted  to  use  as 
farming  land,  if  only  the  salt  water  can  be  excluded. 
Owing  to  the  cheapness  of  farming  land  in  this  country, 
little  has  been  done  to  utili/e  the  vast  resources  <>f  salt 
marsh,  much  of  which  is  located  within  easy  reach  of  some- 
of  the  large  cities.  There  are  vast  tract-  of  such  land. 


1  Math  IT,  <  i  colony  of  New  York.  1M  l>Nt .,  17    I'.i.  •_'.':  I  ;  ( 'ook.i  Jeol.  Survey  New  .!>  t 
Cape  May  Report,  is:,;.  15-65;  !»1-!M  :  ( 'o.'U.  Ain.ua!  Kept.  N. ••.•  Qeol.  Sal 

23-41;    Cook,  (i.'olot'V  of   Nuw   Jersey,    l.-i'.V.    ::<IIP   308;    I'r.ok.  AIIIHIM!    K'-pt.    N.  «   J{ 
Geol.    Survey,   18K"i.   r,|    7n:    Smock.    Annnul    K'ept.    New  J>  eol.    Surv.  \  .    l-'.'J. 

;'i:!-:!.r)3;  Vermeule,  Annual    Kept.   New  Jersey  Geol.    Survey.    |vx,.    •j.-.t-:il7;    S' 
Sixth  Annual  Kept.  U.  S.  Geol.   Survey,  is*:,.  :ii:i-:i98. 
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which  might  readily  be  reclaimed,  within  a  few  miles  of 
New  York  City,  and  hundreds  of  thousands  of  acres  at 
other  places  along  the  seacoast.  While  little  has  been 
done  in  this  respect  in  the  United  States,  other  parts  of 


FIG.  183.     A  salt  marsh  forming  behind  a  sand  bar  at  Bourne  on  the 

Massachusetts  coast. 

the  world  furnish  excellent  illustration  of  the  possibility 
of  reclaiming  this  land  from  the  sea.  On  our  own  con- 
tinent, the  largest  areas  are  those  in  the  Bay  of  Fundy 
(Fig.  184)  (the  land  of  Evangeline) ,  which  were  reclaimed 
by  the  Acadians,  and  which  now  form  some  of  the  best 
farming  land  in  the  eastern  Provinces.  In  Europe  a  great 
deal  of  salt  marsh  has  been  reclaimed  in  England,  Bel- 
gium, Holland  and  elsewhere.  In  Holland  the  reclamation 
has  gone  so  far  as  to  extend  beyond  the  zone  of  marsh 
grass  growth  and  include  the  muddy  bay  floor;  the  reclama- 
tion of  the  salt  swamps  of  New  Jersey  will  be  accom- 
plished in  the  future.  Full  descriptions  of  the  New  Jersey 
marshes  and  the  possibilities  of  their  reclamation  will  be 
found  in  the  reports  referred  to  below.1 

If  the  land  were  to  remain  long  enough  at  the  present 
level  the  Hudson  estuary  would  become  partly  filled,  much 
as  some  of  the  neighboring  shallow  bays  have  already 

1  Cook,  Geol.  Survey  New  Jersey,  Cape  May  Report,  1857,  15-65;  91-94;  Cook, 
Annual  Rept.  New  Jersey  Geol.  Survey,  1869,  23-41;  Cook,  Geology  of  New  Jersey, 
1809,  300-308;  Cook,  Annual  Rept.  New  Jersey  Geol.  Survey,  1885,  61-70;  Vermeule 
Annual  Rept.  New  Jersey  Geol.  Survey,  1896,  289-317;  Shaler,  Sixth  Annual  Rept. 
U.  S.  Geol.  Survey,  1885,  353-98. 
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been,  and  the  water  aiva  would  be  narrowed  and  tin-  depth 
decreased.  In  fact,  New  York  Bay  would  also  become 
transformed  to  a  plain  traversed  by  a  few  channels  for 
conducting  off  the  fresh  water  from  tin-  land,  while  even 
Long  Island  Sound  itself  would  finally  suffer  the  same 
fate.  Doubtless  before  such  fate  shall  have  come,  the 
rising  or  sinking  of  the  land  will  have  changed  the  condi- 
tions of  the  coast  line  so  completely  that  the  ell'ect  of 
filling  will  be  masked;  but  even  within  historic  times  the 
measurements  of  the  breadth  and  depth  of  bays  have  shown 
that  they  are  in  process  of  filling,  as  a  geologist  would 
have  decided,  with  equal  certainty,  on  the  basis  of  the 
geological  fact  that  materials  are  entering  the  bays  in  excess 
of  the  ability  of  the  oceanic  agents  to  remove  them.  This 
work  of  filling  is  so  rapid  that  in  many  harbors  constant 
effort  is  necessary  to  prevent  the  encroachment  of  land 
upon  the  sea  and  to  maintain  the  harbor  in  good  condi- 
tion. How  much  the  filling  amounts  to  in  the  case  of 
individual  bays  along  the  lake  shore  and  sea  shore  of  New 


York,  it  is  too  early  to  state,  for  careful  measurements 
have  not  been  made  through  a  long  enough  period  •>!'  time 
to  determine  this;  nor  are  we  able  to  say  whether  the 
movement  of  the  land,  whieh  is  <i/>/><irrntlit  in  progress,  and 
which  is  estimated  on  the  New  York  shore  to  represent  a 
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sinking  at  the  rate  of  about  two  feet  a  century,  will  be 
sufficiently  great  to  overcome  the  process  of  filling,  which 
is  certainly  in  progress. 

Elsewhere  in  the  world  other  forms  of  life  than  the  marsh 
grasses  aid  in  the  production  of  land  in  the  sea.  It  will  not 
be  possible  to  enter  into  a  consideration  of  these  in  detail, 
but  merely  to  mention  them.  The  most  important  plants 
are  those  peculiar  trees,  the  mangroves,  which  grow  in  tropi- 
cal lands,  producing  swamps,  much  as  the  marsh  grass  of 
the  northern  States  causes  swamps  in  the  inclosed  areas. 
In  this  country  we  have  tree-covered  mangrove  swamps  on 
the  Florida  peninsula,  and  they  are  abundant  along  many 
other  tropical  coasts.  The  tree-covered  swamp  predomi- 
nates in  tropical  regions,  treeless  marshes  in  temperate  lati- 
tudes, and  both  are  absent  in  the  Arctic.  During  the  coal 
period  there  were  doubtless  tree-covered  swamps  in  southern 
New  York,  as  there  were  in  Pennsylvania,  though  now,  by 
erosion,  even  the  beds  of  coal  which  they  formed  have  been 
removed  from  New  York. 

CORALS. — Many  animals  are  engaged  in  the  work  of  land- 
making,  but  none  are  so  noteworthy  as  the  corals,  which, 
aided  by  other  lime-secreting  animals,  have  made  so  many 
reefs  and  islands  in  the  sea.  The  southern  end  of  Florida 
and  the  Keys  south  of  that  peninsula,  as  well  as  the  Bermuda 
and  Bahama  Islands,  and  the  borders  of  some  of  the  West 
Indian  islands,  such  as  Cuba  and  Porto  Rico,  are  illustrations 
of  the  work  of  animal  life  in  land  construction.  Here,  as 
in  the  case  of  sand  bars,  the  work  of  waves  in  raising  the 
fragments  into  the  air  and  of  winds  in  blowing  them  still 
higher,  are  important  features  in  the  construction  of  land; 
for  the  animals  themselves,  which  secrete  the  material,  are 
able  to  grow  only  beneath  the  water  surface.  Since  none  of 
these  forms  of  life  are  at  present  effective  as  land  build- 
ers in  New  York,  no  further  discussion  of  them  seems 
called  for  here. 

ELEVATED  SHORE  LINES. — As  has  been  shown  in  previous 
pages  (p.  131  and  Chapter  VIII),  there  are  in  various  parts 
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of  New  York  evidences  of  former  higher  levels  ,,f  lake-, 
particularly  along  the  shores  of  the  (Ireat  Lakes.  These 
are  in  the  form  of  well-detined  deltas,  beaches  and  bars, 
with  some  wave-cut  clift's.  They  \\cre  formed  during  higher 
levels  of  the  lakes,  and  now  stand  as  the  principal  wit  in - 
of  these  former  higher  levels. 

Also  shore  lines  of  marine  origin  are  found  in  the  St. 
Lawrence  Valley  and  in  the  ( 'hamplain-Hudson  depression. 
Those  in  the  Hudson  Valley  are  not  in  the  form  of  well- 


FIG.  ISo.    An  old  beach  on  the  shores  of  the  Grca^  Lakes. 

defined  beaches,  but  distinct  beaches  are  found  in  the  St. 
Lawrence  and  Champlain  Valleys,  and  the  discovery  of  ma- 
rine fossils  in  them  proves  that  they  were  formed  below  sea- 
level.  Since  the  depression  in  the  north  was  greater  than 
in  the  south,  the  ocean  shore  lines  reach  to  higher  levels  in 
the  northern  than  in  the  southern  parts  of  NYw  York.  This 
is  true  along  the  Hudson  (ls;i  and  '_!<>:!),  where  the  ele- 
vation of  the  marine  deposits  at  Albany  is  .'Hit  t'et-t  and 
near  New  York  si i  feet.  While  it  cannot  be  ( sidered  as 

positively  proved  that  all  of  the  ten-ace  deposits  along  the 
Hudson  are  marine,  or,  rather,  estnarine  m  origin,  the  \\ork 
so  far  done  upon  them  points  towards  the  conclusion  that 
in  some  cases,  as,  for  instance,  the  deltas  from  the  ('at-kill 
to  Albany,  the  origin  is  estnarine. 

Far   back   in   geological    time   there   have   been   other  pe- 
riods  when   shore    lines   within    the   boundaries  of  the  State 
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have  been  elevated  above  the  level  of  the  sea.  The  con- 
glomerates of  the  Catskill  Mountains,  for  instance,  repre- 
sent beaches  of  Devonian  age,  and  there  are  still  other  shore 
lines  preserved  among  the  Silurian  and  Devonian  rocks. 
Indeed,  even  before  this  time,  near  the  beginning  of  the 
Paleozoic,  the  sea  carved  cliffs  along  the  flanks  of  the 
Adirondacks  and  built  beaches  (p.  24)  from  the  pebbles 
thus  wrested  from  the  land.  This  is  proved  by  the  fossil 
beaches  preserved  among  the  consolidated  strata  of  Cam- 
brian age. 

These  elevated  beaches  furnish  proof  of  the  instability 
of  the  land,  and  make  it  still  more  easy  to  understand  the 
changes  which  have  brought  about  the  irregularities  due  to 
land- sinking  that  have  been  mentioned  earlier  in  the  chap- 
ter; and  they  make  it  easier  to  believe  in  the  possibility 
of  still  further  changes  in  the  future,  which  may  so  modify 
the  coast  near  the  City  of  New  York  as  to  greatly  modify 
its  political  and  commercial  importance. 


CHAPTER  XI 

THE    CLIMATE    OF    NEW    YORK 
BY    E.    T.    TURNER 

BASIS  FOR  A  STUDY  OF  NEW  YORK  CLIMATE.— The  Stal«> 
of  New  York  affords  an  exceptionally  favorable  and  inter- 
esting field  for  the  study  of  climate,  owing  to  the  diversity 
of  its  physical  features,  as  well  as  to  the  wide  variety  of 
atmospheric  influences  to  which  it  is  subject.  It  is  not  sur- 
prising, therefore,  to  find  that  the  first  organization  for  local 
climatic  observation  in  America  was  that  inaugurate*  1  in 
1826  by  the  New  York  Board  of  Regents  at  numerous  acad- 
emies under  their  supervision,  and  which  was  continued 
without  a  break  at  several  stations  until  1863.  After  that 
time  meteorological  records  were  maintained  by  a  few  scat- 
tered observers  cooperating  with  the  Smithsonian  Institu- 
tion; and  in  1870-71  five  fully  equipped  stations  were 
established  in  the  principal  cities  by  the  United  States  Sig- 
nal Service. 

The  State  Weather  Bureau  was  created  by  art  of  the 
Legislature  in  1890,  and,  with  the  aid  of  over  one  hundred 
voluntary  observers,  its  work  was  carried  on  for  ten  year-, 
when  the  organization  passed  under  the  control  of  the  Na- 
tional Weather  Bureau.  A  great  mass  of  data  has  thus 
been  accumulated  for  the  use  of  the  climatolo^ist,  ami  may 
be  found  in  the  various  publications  mentioned  in  the  foot- 
note;1 but  in  view  of  the  improvements  which  have  of  late 

1  Essay  on  the  Climate  of  New  Y'>rk,  by  !•'.  I!.  Houuh,  All'imy.  1>.">7:    A    letter  on 
the  Climate  of  New  York,  by  .1.    II.  Coilin.  containc.!  in  tin-  Natural   lli~i..r>  .>t    N 
York  State,  Albany,   184:'.;   ( •litnutolo^y  «>f    the    I'liite.l    State-.,   by    Lam-in    i:i.-.li:i  it. 
Philadelphia,  1857;  Observations  <,f  u,e  sv\v  \*n-\^  I'.. .an I  of  Regents,  Albany,  2  rol 
Atmospheric   Temperature  ami    I're.'ipjtMtion    in   tin'    I'mie,!   Statea,   by  C.  A.  SI-IH-M. 
Smithsonian  Contribution*  t"    Knowledge,   W:i-liin^t..n,  l*;r,   .-m.l    ]»];    Mi.nil. 
ports  of  the  United  States  Signal  Srrvici-  and  Wcalh.-r  I'.iirrnu.  \\  .ishincl"H  ;    .M-mthly 

Reports  of  the  New  York  Weather  Bureau,  itbai-a;  The  Climate  oi  •      Kv 

E.  T.  Turner,  contained  in  the  5th  ami  :nii  Antnial    U.-purts  ..t'  UP-   N--\v  V..rk  W,.-I-|PT 
Bureau,  Albany. 
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years  been  made  in  instruments  and  method  of  observation, 
the  investigator  will  find  it  best  to  depend  upon  the  later 
observations,  as  far  as  practicable,  and  especially  so  when 
dealing  ivitli  temperature  values. 

GENERAL  FEATURES  OF  CLIMATE.— Glancing  briefly  at  the 
general  features  of  terrestrial  climate  and  air  circulation, 
which  govern  and  include  our  local  conditions,  we  have  first 

1  ISOTHERMAL,   LINES  OF  THE  NORTHERN    HEMISPHERE  AND  WINDS  OF  THE  UNITED  STATES 


FiG.  186.     January. 


FIG.  187.    July. 

to  consider  the  effects  of  geographical  position  upon  tem- 
perature, as  shown  in  the  accompanying  isothermal  charts 
of  the  northern  hemisphere.  The  position  and  trend  of  the 
lines  of  equal  temperature  are  determined  by  three  factors: 

Firstly,  the  decrease  of  temperature  which  occurs  as  we 
proceed  northward.  The  average  rate  of  this  is  1°  F.  of 
annual  temperature  per  degree  of  latitude. 

Secondly,  the   rapidity  of   absorption  and  radiation  of 

1  Fig.  186— The  line  of  20°  passes  through  northern  New  York.  Fig.  187- The  line 
of  70°  passes  through  central  New  York. 
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heat  from  land  surfaces,  as  contrasted  with  tin-  thermal 
stability  of  bodies  of  water.  The  difference  between  mid- 
summer and  midwinter  temperatures  in  tin-  interior  of  tin1 
American  continent  and  over  the  Atlantic,  at  our  latitud'-, 
is  shown  approximately  as  follows: 
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There  is  also  quite  as  marked  difference  in  the  dailii 
range  of  temperature  between  the  land  and  the  ocean. 

Thirdly,  the  transfer  of  air  from  region  to  region,  by 
means  of  the  atmospheric  circulation,  tends  in  a  marked 
degree  to  diffuse  and  equalize  climatic  conditions.  Tin- 
most  important  of  these  wind  systems  are  a>  follows: 

(a)  The  southwesterly  winds  which  prevail  over  the  tem- 
perate zone,  in  consequence  of  the  heat  circulation  between 
high  and  low  latitudes,  conjoined  with  the  earth'.-  rotation. 
These  may  be  called  I'/m/cftiri/  }\"t>t<ls. 

(1)  Winds  of  the  monsoon  type,  blowing  landward  in 
summer  and  seaward  in  winter,  as  the  result  of  unequal 
thermal  conditions  of  continents  and  oceans, 

(c)  Winds  accompanying  those  rapidly  shifting  areas  •>!' 
high  and  low  barometer,  known,  in  their  most  pronounced 
form,  as  cyclonic  storms  and  anticyclones,  respectively 
(see  Fig.  189,  page  :;:;<;);  air  flowing  fnn-nnf  centers  of  low 
pressure,  and  nut  from  centers  of  high  pressure.  It  i-  im- 
portant to  note,  in  this  connection,  that  in  the  northern 
hemisphere  the  rotation  of  the  earth  tends  constantly  to 
dellect  air  currents  toward  the  riirht  of  their  direction  of 
motion;  hence  the  circulation  about  high  and  low  area-  i< 
not  direct,  but  spirally  inward  and  outward. 

The  general  westerly  circulation  (a]  evidently  must  tend 

to  bring  the  moisture  and  equable  temperature  of  th an 

well    inland   over  the  western   side<  of  the  continent-,  a- 
find    to    be    the    case   on    our   Pacific    slope    and    along    the 
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northwest  coast  of  Europe;  while  in  a  similar  manner  the 
conditions  of  the  continental  interior  will  more  generally 
prevail  along  the  eastern  coasts.  The  two  cases  are  fairly 
presented  by  the  following: 
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The  monsoons  (class  l>)  in  winter  strengthen  the  dry, 
cold  winds  from  the  interior  eastward  toward  the  ocean, 
but  in  summer  tend  to  reverse  the  east- moving  current; 
hence  we  must  expect  the  continental  type  of  climate  to 
be  much  more  strongly  felt  over  the  eastern  States  in 
winter  than  in  summer.  It  must  be  noted,  however,  that 
the  summer  monsoon  does  not  reach  us  directly  as  a  cool 
sea- wind,  since  it  is  not  strong  enough  to  overcome  the 
eastward  drift  until  we  approach  the  southern  States  and 
Mexican  Gulf;  but  passing  inland,  over  that  semi-tropical 
region,  it  unites  with  the  general  current,  and  reaches  us 
as  the  warm  and  moist  southwesterly  wind  of  summer, 
giving  the  abundant  rainfall  characteristic  of  that  season. 

Finally,  the  temporary  winds  of  class  c  are  responsible 
for  the  variability  of  weather  which  is  so  marked  a  feature 
of  our  climate.  The  low  barometer  areas  of  America  move 
eastward  at  an  average  rate  of  800  miles  per  day,  and  in 
the  large  majority  of  cases  pass  centrally  over  the  vicinity 
of  the  Great  Lakes  and  St.  Lawrence  Valley,  drawing  in 
masses  of  air  from  the  ocean  and  the  south,  at  the  same 
time  giving  rain  or  snow  over  the  northeastern  States. 
These  disturbances  recur  at  intervals  of  three  or  four 
days,  on  an  average,  in  winter,  but  with  less  frequency 
and  strength  in  summer.  They  are  generally  followed  by 
high-pressure  systems  from  the  interior,  whose  outflowing 
winds  are  characteristically  dry  and  cold ;  so  that,  in  fact, 


PRESSURE -INCHES. 


RAINFALL- INCHES. 


EMPERATURE  -  DEGREES  FAH 

g        X        fc        X        «  " 


3 
O 
O 

5 

-\ 
n 


3 

*» 


O 

-o 


O 

z 

2 

f 

3 


J 
O) 


I  to.   188 

(335) 


*r     /v    .5      / .  -i   .>v  •».. 


(336) 


»f  X'  a-    i  "«/•/,• 


337 


our  winter  climate  is  made  up  of   con>tant   alternation-  of 
maritime  and  continental  conditions. 

Figure  188  shows  graphically  tin-  iluctnations  of  tempera- 
ture  and  weather  to  which  New  York  is  siibje.-t,  and  their 
close  relation  to  the  passage  of  high  and  low  barometer 
areas  near  the  State.  (It  should  be  noted  that  the  tem- 
peratures indicate  I  by  the  wave-line  are  the  daily  averagi 
for  the  entire  State,  and  not  the  local  extremes  of  heat 
and  cold.) 

The  conditions  attending  a  cyclonic  storm  and  tin-  suc- 
ceeding   anti-cyclone    are    shown     by    the    accompanying 
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Tempera  lure     Pressure 
O/ffctfatt    ar    /(fjacft,    fcto    /*t*tt'*-t 
FIG.  190. 

weather-map  (Fig.  1H!))  for 8  A.  M.,  February  i:i,  l!'<m.  The 
tracings  of  the  self-recording  barometer  and  thermometer 
at  Ithaca  on  the  same  d;ite  are  reproduced  in  Kig.  !!'<»,  to- 
gether with  the  wind  «lirection.  It  will  be  seen  that  the 
approach  of  the  storm,  indicated  by  a  falling  barometer, 
gave  southerly  winds  and  rising  temperature  until  :!  r.  M., 
when  the  storm  center  passed  nearest  the  station. 
wind  then  immediately  shifted  to  tin-  westward,  increasing 
in  force,  and  at  the  same  time  the  temperature  tell,  at  lir-t 
very  suddenly  and  then  gradually,  until  the  cresl  of  the 
"high"  passed  on  the  following  day. 
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FIG.  191. 


The  element  technically  known  as  variability  of  tempera- 
ture, i.  e.,  the  average  difference  from  day  to  day,  amounts 
to  over  10°  in  Maine  and  Quebec  for  the  month  of  January, 
when  the  maximum  value  is  reached.  The  mean  value  for 
New  York  State  is  8° ;  over  the  South  Atlantic  and  Gulf 
coasts,  6°;  on  the  coast  of  California,  2°. 

In  the  immediate  vicinity  of  our  coast  the  greater  part 
of  the  annual  precipitation  occurs  in  winter,  when  the  low 

areas  are  most  frequent 
and  intense,  but  in  the 
interior  of  the  State 
heavy  local  rains  dur- 
ing the  period  of  the 
summer  monsoon  bring 
the  maximum  fall  of 
the  year  at  that  season. 

INFLUENCE  OF  GKEAT 
LAKES. — We  have  thus 
far  omitted  to  mention 
the  important  modifi- 
cations of  our  climate 
due  to  the  Great  Lakes. 
These  bodies  of  water 
follow  the  seasonal  tem- 
perature changes  much 
more  closely  than  does 
the  ocean,  owing  to 
their  smaller  mass ;  but 
nevertheless  such 
scanty  data  as  have 
been  gathered  indicate 
that  the  surface  of  Lake 
Ontario  averages  from 
10°  to  15°  warmer  in 
winter  and  cooler  in  summer  than  the  adjacent  land  areas; 
hence  the  northwesterly  winds  of  winter,  in  passing  over 
the  lake,  are  raised  to  a  temperature  considerably  higher 
than  obtains  on  the  north  shore.  This  influence  is  felt 


FIG.  192. 
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throughout  the  portions  of  the  State  lying  to  the  south  ami 
east  of  the  lakes,  although  decreasing  vapidly  as  we  pro<-.-<-d 
inland.  In  novthevn  New  York,  on  the  other  hand,  tin- 
coldest  winds  of  winter  are  not  affected  by  the  lakes,  and 
in  consequence  the  winters  are  much  more  severe  than  could 
be  expected  as  a  result  of  the  higher  latitude  of  the  region 
alone.  The  southerly  winds  which  predominate  during  the 
warmer  portion  of  the  year,  of  course,  reach  this  State  un- 
influenced by  the  lakes,  hence  the  temperature  conditions 
are  much  more  uniform  over  our  entire  area  than  in  winter. 
The  tempering  effect  of  the  lakes  and  ocean  is  clearly 
brought  out  by  the  accompanying  isothermal  charts,  from 
which  other  sources  of  variation  have  been  largely  elimi- 
nated by  reduction  of  temperatures  to  sea-level. 


LOCAL     CLIMATE 

TOPOGRAPHICAL  FEATURES.- -The  main  portion  of  New 
York  State  is  a  broken  and  irregular  plateau,  whose  avcr- 
age  elevation  is  1,200  to  1,500  feet  above  tide.  This 
plateau  is  bordered  on  the  west  and  northwest  by  con- 
siderable tracts  of  level  lowland  along  the  shores  of  the 
Great  Lakes  and  the  St.  Lawrence  River;  while  near  the 
eastern  border  the  valleys  of  the  Hudson  River  and  Lake 
Champlain  form  a  deep  channel  extending  from  the  sea- 
board directly  northward  into  Canada. 

Along  the  western  side  of  this  depression  the  highlands 
reach  their  greatest  elevation  in  the  mountain  systems  . .f 
the  Adivondacks,  Catskill,  and  several  minor  ridges;  while 
on  the  east  also  the  valley  is  closed  in  by  the  high  hills 
of  New  England.  The  Hudson  Valley  is  united  to  the  low- 
lands of  the  Great  Lakes  by  the  nnrroxv  valley  of  the 
Mohawk,  which  divides  the  central  plateau  from  tlm!  of 
the  northern  or  Adirondack  region.  Among  the  more  im- 
portant minor  depressions  are  the  valleys  of  the  Central 
Lakes  and  those  of  the  Delaware  and  Sns(|iiehanna  K'ivers 
and  their  tributaries. 
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Elevations  and  depressions  of  land  surface  affect  tem- 
perature conditions  in  three  important  ways: 

First,  the  temperature  average  for  the  day  (24  hours) 
decreases  with  elevation  at  the  rate  of  about  0.3°  and  0.4° 
per  hundred  feet  in  winter  and  summer,  respectively. 
This  rule  should  give  to  the  plateaus  a  temperature  4°  to 
6°  lower  than  that  at  sea-level. 

Secondly,  the  highlands  act  as  a  shelter  or  windbreak 
for  the  neighboring  valleys;  and  this  effect  becomes  very 
important  in  a  territory  so  irregular  as  that  of  New  York. 
The  temperate  climates  of  the  various  "fruit  belts"  of  the 
State  are  due  both  to  a  sheltered  situation  and  to  the 
proximity  of  bodies  of  water. 

Thirdly,  a  flow  of  cold  dense  air  from  the  hill  slopes 
to  the  valley  bottoms  occurs  on  clear,  still  nights,  and  fre- 
quently so  much  reduces  the  temperature  of  the  lowlands 
as  to  cause  severe  frosts,  which  are  escaped  at  higher 
levels;  and,  since  the  highest  midday  temperature  also 
occurs  in  the  valleys,  their  daily  range  is  often  excessive. 
The  following  example  of  the  conditions  in  central  New 
York  during  a  cold  wave  will  sufficiently  illustrate  this 
point : 
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Brookfield  (Val)  

NOTE. — The  rapid  rise  of  the  general  surface  of  the  eastern  plateau  brings  the  valley  bottom 
at  Brookfield  above  the  level  of  Oxford.     The  distance  between  the  stations  is  about  thirty  miles. 

The  different  thermal  conditions  at  hill  and  valley 
stations  are  also  shown  by  tracings  of  thermographs  in 
Fig.  193. 

The  nocturnal  valley-winds  are  an  important  climatic 
factor,  since  they  bring  a  cool  and  refreshing  air  at  night 
which  is  not  felt  on  the  plains  or  upper  hill  slopes.  A 
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special  study  of  the  subject  has  been  made  at  Ithaea,  in 
the  Cayuga  Lake  Valley,  where  it  is  found  that  thf  hree/e 
usually  arises  from  one  to  two  hours  after  sunset,  Mowing 
from  the  south  down  the  channels  of  the  two  ]>rinei]>al 
streams  flowing  into  Cayuga  Lake,  and  gradually  gaining 
a  velocity  of  10  or  1*2  miles  per  hour  as  the  night  advan< •< •-. 


<*^T 


X?^r» 


Temperature  curves  at  Mountain 
and  Va  Uey  <S  fa  tions  of  A/e^y^r/c   duy  u  sTa^23  */$  9' 

—  7e/nf>,  at  Af/rmewasJia  E/evatibn    /Sooft 

—  -        ••     Port  JervtS  47 O   ,. 

Fi«;.   193. 

Small  balloons  set  adrift  at  night  were  often  observed  to 
drift  northward  with  this  surface  current  until  an  altitude 
«,f  -Jill)  or  :;<><)  feet  had  been  reaehed,  when  they  were 
caught  by  the  prevailing  wind,  and  abruptly  changed  their 
course  to  the  eastward. 

We  are  now  prepared  t<>  consider  in  nn>re  detail  tin* 
temperature  conditions  of  the  State,  as  exhibited  by  the 
accomj •anying  tables  and  <-hart<  (Figs.  l!)4,  I!*.')  and  li'ti). 
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The  Atlantic  Coast  Region.— The  nearest  approach  to  a 
maritime  climate  to  be  found  within  the  territory  of  New 
York  is  that  of  Long  Island.  The  values  -given  for  Setau- 
ket  in  Table  I  indicate  a  midwinter  temperature  nearly  as 
high  as  that  for  Philadelphia,  and  9°  above  the  average  for 
the  State,  while  the  midsummer  temperature  is  but  3° 
above  that  average.  The  effect  of  the  ocean  and  sound  in 
moderating  the  daily  ranges,  and  especially  the  winter  min- 
ima, is  even  more  marked,  so  that  the  region  is  very  well 
adapted  to  the  raising  and  early  marketing  of  tender  fruits 
and  vegetables.  The  first  killing  frost  occurs,  near  the  coast, 
about  the  beginning  of  November,  and  the  last  about  the 
middle  of  April,  on  an  average.  Usually,  during  the  winter, 
the  ground  is  covered  with  snow  for  brief  periods  only. 

The  sea  breeze  is  the  most  characteristic  and  important 
feature  of  maritime  climate  in  summer.  In  fair  weather 
the  land-wind,  which  is  usually  felt  at  night,  ceases  soon 
after  sunrise,  and  the  temperature  rises  rapidly  until  9  or  10 
amv  pm-  o'clock,  when  the 

6  6  /«  u  i  «  (  8  '*  ^  2  *  *  cooi  breeze  from  the 

ocean  sets  in,  gain- 
ing strength  until 
early  afternoon, 
when  a  velocity  of 
10  or  15  miles  per 
hour  may  be  at- 
tained. In  general 
the  breeze  penetrates 
Temperature  as  affected  inland  about  ten 

SecL-&r€€je»  miles,  but  on  south- 

—  7 H land     Station  em  Lon§;  Island  its 

6ea  Coast  Station  force    and    penetra- 

FlG-  197-  tion  are  greatly  aug- 

mented by  the  prevailing  southerly  wind  of  summer.  The 
accompanying  diagram,  exhibiting  typical  hot- weather  tem- 
perature curves  for  an  inland  and  coast  station,  brings 
out  very  clearly  the  moderation  of  midday  heat  due  to  the 
sea-breeze  (Fig.  197). 
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The  Central  Plateau,  extending  from  tin-  <!ivat  Lake  re- 
gion Oil  the  west  to  the  Hudson  Valley  mi  tin-  east,  has  ;i 
more  uniform  temperature  than  might  he  expected  i«»  obtain 
over  so  large  an  area  since  the  general  rise  of  the  surfaee 
toward  the  south  and  east  largely  eoiinterhalanees  the  ther- 
mal effects  resulting  from  proximity  to  the  ocean  and  a  more 
southerly  latitude.  Hence  we  may  consider  the  higher  lev- 
els of  this  region  to  be  fairly  represented  by  the  avera- 
given  in  the  table  for  Angelica  and  Cooperstown.  The  tem- 
perature of  this  section  is  usually  sufficiently  low  to  main- 
tain a  continuous  covering  of  ice  and  snow  throughout  the 
winter;  but  the  larger  valleys  are  subject  to  frequent  thaws, 
which  may  leave  the  ground  bare  for  considerable  periods. 
Only  hardy  fruits  can  thrive  on  the  highlands,  and  even  in 
the  valleys  the  temperature  commonly  falls  low  enough  to 
damage  or  even  kill  peaches. 

The  midsummer  maxima  over  the  plateau  average  about 
4°  lower  than  on  the  lowlands,  and  at  the  summits  of  the 
higher  hills  the  midday  heat  is  still  more  moderate. 

The  average  duration  of  ice  in  Otsego  and  Ca/eiiovia 
lakes  (altitude  about  1,1200  feet)  is  from  December  b~>  to 
April  15.  The  first  killing  frost  is  likely  to  occur  as  early 
as  October  1  and  the  last  in  May. 

Northern  New  York  has  a  winter  climate  almost  as  se- 
vere as  that  of  the  northern  interior  States,  while  the  >um- 
mer  heat  is  nearly  as  great  as  at  equal  altitudes  in  >oulheni 
New  York;  and  since  the  region  is  largely  exempt  from 
maritime  iuHuences,  it  is  especially  liable  to  sudden  and 
very  abrupt  changes  of  temperature.  The  lake-  and  forest 
tracts  of  the  Adirondack  mountains  have  usually  a  heavy 
covering  <>f  linn  snow  and  ice  from  the  latter  part  of  No- 
vember until  the  dose  of  April,  so  that  the  air  is  much 
drier  during  that  period  than  in  warmer  portions  of  the 

State.      To    this    fact,    together    with    the    pn  —  'li f   lar 

areas  of  pine  woodland,  is  probably  due  the  favorable  eff.-et 

of  the  Adirondack  climate  upon  lung  diseases,  an  effect, 
however,  which  is  shared  by  the  higher  regions  "f  south- 
eastern New  York. 
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The  minimum  temperatures  recorded  in  the  St.  Lawrence 
Valley  are  as  low  as  those  of  the  Adirondack  region;  in 
fact  the  lowest  temperature  on  record  for  this  State  ( — 46°) 
was  observed  at  the  border  of  the  St.  Lawrence  Valley. 
There,  as  in  all  regions  of  contiguous  mountain  and  lowland 


FIG.  198.  Inversion  of  temperature  in  northern  New  York,  December  8,  1890.  Iso- 
thermal lines  show  the  mean  daily  temperature  as  reduced  to  sea  level  by  deduct- 
ing 0.3°  from  the  actual  temperature  for  each  100  feet  of  elevation.  Small  fig- 
ures show  actual  temperatures.  (  The  mean  temperature  at  Keene  Valley  was 
-6.5°.) 

tracts,  we  may  often  observe  that  the  temperature  actually 
increases  with  altitude  during  the  progress  of  a  cold  wave. 
This  phenomenon,  known  as  inversion  of  temperature,  indi- 
cates that  the  cold  which  accompanies  cloudless  areas  of 
high  barometer  is  largely  a  surface  phenomenon,  due  to  loss 


<>f    New      Ynrk  ^l!i 

of  heat  from  the  earth  l»v  radiation  in  the  elear  <li-v  air  tli;it 

••  » 

is  associated  with  cold  waves.  The  diagram  given  herewith 
(Fig.  198)  shows  a  typical  case  of  inversion,  derived  t'n>m 
the  records  of  the  State  \Ve.-ither  r>ureau.  Ilad  the  tem- 
perature decreased  with  altitude  at  the  usual  rate,  a  reduc- 
tion of  the  values  to  sea-level  would  have  given  a  uniform 
temperature  for  the  entire  region,  whereas  in  this  case  the 
isotherm  of  0°  is  found  at  the  lowest  levels,  and  that  of  8° 
in  the  highest  portion  of  the  Adirondacks. 

Navigation  on  the  St.  Lawrence  River  is  closed  by  ice, 
on  the  average,  from  about  the  middle  of  December  until 
early  in  April. 

The  Champlain  and  Hudson  valleys  owe  their  high  sum- 
mer temperature  to  a  sheltered  position  between  mountain 
walls,  as  well  as  to  the  predominance  of  southerly  wimN 
throughout  their  extent  at  that  season.  The  northerly 
winds  of  winter,  on  the  other  hand,  have  a  dear  sweep  as 
far  south  as  the  high  ridges  of  the  lower  Hudson  Valley. 
so  that  the  temperature  is  often  nearly  as  low  as  upon  the 
adjacent  highlands.  The  advance  of  spring,  however,  is 
comparatively  rapid,  especially  to  the  southward  of  the 
Mohawk  Valley;  hence  this  region  is  well  adapted  to  the 
growing  of  early  vegetables  and  small  fruits.  The  intlu- 
ence  of  the  water  of  the  river,  though  slight,  must  also 
be  considered  a  factor  in  the  adaptation  of  this  region 
to  fruit  raising. 

The  broadest  portion  of  Lake  Champlain  i>  commonly 
frozen  over  from  January  to  earls'  April.  Navigation 
closes  on  the  Hudson,  at  Albany,  on  heeember  l»i,  and 
opens  on  March  'J<>,  for  the  average  year. 

Tin-  Lnl<'  Hi'ii'nn/.  —  Inspection  of  Table  I  and  Fig^.  I'1 1 
and  I!'-")  shows  that  the  tempering  elfeet  of  the  Great  Lakes 
is  most  marked  in  winter,  when  the  prevailing  winds  niu-t 
pass  over  their  surfaee  before  reaehing  New  V>rk.  This 
effect  is  clearly  brought  out  by  comparing  the  temperature 
recorded  on  the  north  and  south  sides  of  the  lakes  during 
the  prevalence  of  a  cold  wave. 
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DATE  * 

NORTH   SHORE 

SOUTH   SHORE 

Kingston 

Toronto 

Oswego 

Rochester 

January  19, 
January  19, 
January  20, 

g  A.  M    

+  2 
-  6 
oo 

+4 
0 
-8 

+12 
+  8 
—  2 

+16 
+12 
+  6 

8   P    M           .... 

8  A.  M  

*The  winds  were  northerly  throughout  the  observations. 

Here  Lake  Ontario  appears  to  have  maintained  the 
temperature  at  Rochester,  from  14°  to  28°  above  the  point 
to  which  it  would  otherwise  have  fallen.  The  frequent 
occurrence  of  conditions  similar  to  the  above  gives  to  the 
southern  shore  of  Lake  Ontario  an  average  midwinter 
temperature  5°  higher  than  that  of  the  northern  shore.  It 
thus  becomes  possible,  in  our  lake  district,  to  raise  peaches, 
grapes  and  the  tender  vegetation  which  can  scarcely  exist 
in  the  adjacent  portions  of  Canada,  nor  even  in  the 
southern  interior  of  the  State.  The  noted  grape  belt  of 
Chautauqua  County,  in  which  over  30,000  acres  of  that 
fruit  are  under  cultivation,  owes  its  mild  climate  both  to 
the  proximity  of  Lake  Erie  and  to  the  high  hills  which 
rise  on  the  eastern  side  in  a  semi-oval  form.  Killing 
frosts  rarely  occur  in  this  locality  before  the  close  of 
October;  and  their  latest  date  in  spring  is  usually  previous 
to  May  10. 

The  eastern  portion  of  Lake  Erie  is  commonly  frozen 
over  during  a  portion  of  the  winter,  navigation  being  closed 
at  Buffalo  from  early  in  December  to  April.  Lake  Ontario, 
owing  to  its  greater  depth,  is  less  obstructed  by  ice,  and 
at  Oswego  the  period  of  navigation  is  two  or  three  weeks 
longer  than  at  Buffalo. 

A  small  daily  range  of  temperature  obtains  at  Lake 
Stations  in  winter,  owing  to  the  almost  constant  cloudi- 
ness of  the  region  as  well  as  to  the  tempering  effect  of 
the  water. 

The  thermal  conditions  of  the  Cayuga  and  Seneca  Lake 
valleys  are  so  similar  to  those  of  the  Great  Lakes  that  no 
special  treatment  of  them  is  necessary.  Cayuga  Lake  is 
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seldom,  and   Seneca  Lake  never,  frozen   over  completely. 
Their    immediate    shores    have    an    equable    temperature, 
which,  with  the  shelter  afforded   by  the  surrounding  hi! 
renders  this  region  a  favorable  one  for  fruit  culture. 


PRECIPITATION 

The  amounts  of  annual  precipitation  in  different  sections 
of  the  State  are  mainly  determined:  first,  by  proximity  to 
various  sources  of  vapor  or  vapor- laden  air-currents;  and, 
secondly,  by  the  character  of  local  topography.  In  the 
case  of  New  York  State,  we  may  say  that,  under  similar 
conditions,  the  precipitation  is  roughly  proportional  to  the 
altitude  of  land -surf  aces.  This  rule  does  not  apply  to 
the  central  and  southern  Atlantic  States,  whose  mountain 
ridges  are  parallel  to  the  prevailing  direction  of  vapor- 
bearing  winds. 

As  has  been  stated,  the  Atlantic  Ocean  furnishes  the 
principal  vapor  supply  of  the  northeastern  States.  While 
passing  inland  with  easterly  winds  the  moisture  is,  in  the 
first  place,  largely  precipitated  over  the  mountains  of  NYw 
England,  as  is  rendered  apparent  by  the  extraordinary 
rainfall  on  Mount  Washington,  averaging  over  !)()  inches 
per  annum.  A  similar  condition  no  doubt  exists  through 
the  Green  Mountain  system  near  the  New  York  border; 
and  hence  the  lowlands  to  the  westward,  inch  id  ing  the 
Champlain  and  upper  Hudson  Valleys,  receive  a  somewhat 
deficient  supply  as  compared  with  that  of  the  State  a-  a 
whole.  A  marked  increase  of  rainfall  is  again  found  in 
the  Adirondack  highlands,  and  beyond  these  a  decrease  in 
the  St.  Lawrence  Valley. 

Sea-winds  from  the  southeast  lind  no  obstruction  on 
the  immediate  coast  of  New  York;  but  passing  inland 
they  meet  the  abrupt  hill  ranges  of  the  southeastern 
counties,  and  give  to  each  a  copious  rainfall  as  compared 
with  that  of  the  intervening  valleys.  Liberty,  in  the  moun- 
tainous region  of  Sullivan  <'<>nnty,  also  shows  the  direct 
influence  of  the  sea-wind  both  by  its  large  annual  prccipi- 
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tation  and  by  a  pronounced  secondary  maximum   in  winter 
— a  feature  not  noticed  at  stations  further  northward. 

Western  New  York  receives  an  appreciable  portion  of 
its  vapor  supply  from  the  Cult'  of  Mexico,  judging  from 
the  frequent  southwesterly  direction  of  the  rain-winds,  ami 
also  from  similarities  existing  between  the  rain  types  of 
the  Lower  Lakes  and  those  of  the  Gulf  and  the  Mis.-i--.ippi 
and  Ohio  Valleys.  The  total  precipitation  over  the  de- 
pressed area  occupied  by  the  Lakes  i>  rather  below  the 
average  for  the  State;  but,  wherever  the  surface  ris< 
abruptly  from  their  shores,  the  amount  vapidly  increase 
and  considerably  exceeds  that  common  to  e.)ual  altitudes 
in  the  interior.  The  winter  maximum  appears  prominently 
in  a  large  snowfall  over  the  southwestern  highlands,  and 
still  more  so  through  a  section  including  the  hills  of  Lewis 
County,  the  upper  Mohawk  Valley  and  an  adjacent  .-pur 
of  the  eastern  highlands  in  Madison  County. 

The  rainfall  in  central  New  York  is  generally  abundant, 
although  somewhat  less  than  that  of  the  southeastern  and 
southwestern  highlands.  A  deficiency,  as  compared  with 
the  average  for  the  State,  exists  in  the  principal  valleys 
of  the  Susquehanna  system  and  also  in  the  depression  of 
the  Central  Lakes. 

Records  have  not  been  kept  long  enough  to  cstabli-h, 
with  accuracy,  the  amount  of  rainfall  in  the  central  Adiron- 
dack region.  The  brief  series  of  observations  obtainable 
from  points  near  the  eastern  and  western  limit-  of  the 
plateau  have  been  carefully  analy/ed  by  comparison  of  in- 
dividual monthly  values  with  those  of  the  adjacent  ,-tations 
in  the  riiamplain  and  St.  Lawrence  Valleys,  the  highlands 

showing    a    marked    excess   in    all    cases,       The    amount-   of 
rain    in    the    interior,   shown    by  the  accompanying   char 
were    estimated     from    the    data    of    border    -tation-,    BOme- 
what  modified  by  the  character  of  local   topography. 

MONTHLY  AND  Sr.\s<>\\i,   FLUCTUATIONS  OF  RAINFALL.- 

The  fluctuations   in    the   average   or  normal   amount  of   rain- 
fall from  month  to  month  do  not  < ur  in  a  uniform  manner 

over  the  entire  area  of  New  York,  but  must  rather  be  classed 
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RELATION  OF  RAINFALL  TO  STORM  FR&£UCNCV 
AND  TEMPERATURE. 
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under  several  quite  distinct  types,  depending  ii)Min  atm< 
pheric    conditions,    which    have    aliva.lv    been    summarily 
described.     The  character  of   various   types   and   their  im- 
portant modifications  are  shown   in  considerable   detail    by 
Figures  202,  203  and  204. 

A  close  approach  to  the  continental  type  of  rainfall, 
with  its  early  summer  maximum,  is  found  over  the  central 
plateau  regions  (including  the  eastern  and  western  plateaus 
and  the  southern  Adirondack  region),  as  represented  by 
Cooperstown.  Proceeding  eastward  to  the  central  Hudson 
Valley,  a  July  maximum  is  found  which  extends  through 
the  Champlain  Valley  and  over  the  Province  of  Quebec.  In 
the  southern  Hudson  Valley  the  maximum  varies  I'mm 
July  to  August,  while  south  of  the  highlands  the  maxi- 
mum occurs  in  August.  This  condition  also  extends  over 
Long  Island  to  Setauket,  but  disappears  at  East  Hampton 
and  Block  Island.  The  Great  Lakes  and  St.  Lawrence 
Valley  show  a  June  or  July  maximum,  which,  however,  is 
secondary  to  that  of  autumn. 

AUTUMN  RAINS. — Over  the  State,  generally,  a  large  pre- 
cipitation obtains  in  October,  as  compared  with  the  months 
immediately  preceding  and  following.  This  constitutes  the 
principal  maximum  of  the  year  at  several  stations  of  the 
St.  Lawrence  Valley,  the  central  part  of  the  (In-at  Lake 
Region,  Central  Long  Island,  and  beyond  the  limits  of  New 
York,  in  Xe\v  Brunswick,  Nova  Scotia  and  Ontario.  Within 
this  State  an  October  minimum  is  found  only  in  the  vicinity 
of  Xew  Vork  City,  but  it  is  a  feature  common  to  the  coasl 
south  of  that  point,  and  also  obtains  at  several  place-  in 
the  interior  of  New  Kmrland.  A  relatively  light  rainfall 
during  September  is  characteristic  of  the  State  at  lar^e, 
whereas  in  the  Cpper  Lake  region  the  general  autumn  maxi- 
mum occurs  during  that  month.  Erie,  ]*a.,  >hows  a  No- 
vember maximum,  a  feature  which  also  prevails  in  the  Ohio 

Valley. 

Over  the  greater  part  of  the  interior  «>f  New  York  the 
precipitation  during  the  winter  is  the  least  of  the  year. 
Eastern  Long  Island,  on  the  contrary,  has  it>  annual  maxi 
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mum  at  that  season,  while  the  coast  stations  generally  ap- 
pear to  be  about  equally  subject  to  continental  and  maritime 
influences,  showing  but  slight  seasonal  variations.  This  is 
also  true,  in  even  a  greater  degree,  of  the  region  bordering 
the  Lower  Lakes,  and  Rochester  may  be  taken  as  an  ex- 
ample in  which  an  annual  fluctuation  is  almost  wholly  lack- 
ing. Oswego  has  a  principal  maximum  in  June,  and  a  sec- 
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ondary  in  autumn  and  early  winter;  but  the  latter  becomes 
predominant  at  Palermo,  a  few  miles  to  the  eastward,  and 
attains  a  remarkable  intensity  along  the  ridge  running  par- 
allel to  the  lake  in  Lewis  County. 

In  the  spring  a  March  maximum  is  very  pronounced  at 
the  Atlantic  coast  stations,  and  is  also  observable  inland  in 
a  lesser  degree.  A  diminution  again  occurs  in  April,  after 
which  the  curves  of  the  continental  type  rise  towards  their 
summer  maximum,  corresponding  to  the  change  of  pre- 
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vailing  winds  from  northerly  t<>  southerly,  which  occurs   in 
.May. 

Local  Thunderstorms  occur  almost  daily  in  some  portion- 
of  the  State  during  the  summer  months.  They  form  im>-t 
frequently  over  the  high  hills  of  southern  and  eastern  N,.\\ 
York,  thence  drifting  in  a  general  easterly  direction,  at  a 
rate  of  about  30  miles  per  hour,  often  as  far  as  the  coa-t  or 
over  New  England.  Regions  showing  a  pronounced  Dim- 
mer maximum  of  rainfall,  as  a  rule,  owe  this  feature  to 
frequent  thunderstorms. 

Fig.  205  indicates  the  regions  in  which  local  thunder- 
storms most  frequently  originate,  and  the  direct  ions  in 
which  they  are  most  likely  to  move  and  spread  out.  1 
206  shows  the  progress  of  a  thunderstorm  of  a  more  gen- 
eral character  advancing  in  front  of  a  large  liigh-piv»urc 
area,  and  preceding  a  change  of  weather. 


FREQUENCY    OF   RAINY   DAYS 

The  accompanying  table  shows  the  average  frequency 
with  which  a  rain-  or  snowfall  amounting  to  one  one-hun- 
dredth of  an  inch  or  more  occurs,  during  each  month,  at 
six  stations  in  New  York  and  also  at  Block  Island,  R.  I., 
and  at  Erie,  Pa.,  the  former  station  representing,  approxi- 
mately, eastern  Long  Island  and  the  latter  southwestern 
Xe\v  York.  The  rainy  days  are  here  expressed  in  percent- 
ages of  the  total  number  of  days  in  each  month,  following 
the  method  of  the  Signal  Service  charts,  from  \\hich  the 
values  at  all  stations  excepting  Ithaca  were  derived. 
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Here  it  will  be  seen  that  the  frequency  of  rain-  (or  snow-) 
fall  is  much  more  uniform  over  the  State  in  summer  than  in 
winter,  when  the  values  are  about  25  per  cent  larger  near 
the  lakes  than  on  the  coast. 

The  probability  of  rain  for  all  portions  of  the  State  may 
be  fairly  estimated  from  the  averages  at  these  stations,  al- 
though some  local  variation  must  be  expected,  especially  in 
summer,  when  local  rains  and  thunderstorms  are  found  to 
be  quite  unequally  distributed  over  the  State.  It  will  be 
observed  that  precipitation  occurs  most  frequently  during 
the  winter  months  at  all  stations,  but,  making  allowance  for 
this  general  tendency,  the  number  of  rainy  days  is  found  to 
follow,  in  a  general  way,  the  fluctuations  of  the  rain  curves 
shown  in  Figs.  202  and  203,  which  fact  may  aid  in  the  esti- 
mation of  rain  probability  for  various  special  localities. 

PERCENTAGE  OF  CLOUDINESS.     (OVERCAST=IOO  PER  CENT.) 
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For  our  present  purposes,  the  sources  of  cloud-formation 
may  be  included  under  two  heads:  First,  low  pressure 
or  storm  areas,  and  second,  local  sources. 

Low  barometer  areas  usually  bring  with  them  a  heavy 
cloud-layer,  many  hundred  of  miles  in  extent,  and  since 
such  disturbances  pass  in  the  vicinity  of  New  York  at  inter- 
vals of  three  or  four  days  during  the  winter,  a  large  per- 
centage of  cloudy  weather  must  be  expected  at  that  season, 
especially  in  northern  and  western  New  York,  which  sec- 
tions lie  nearer  to  the  common  track  of  storm  centers  than 
does  the  coast  region.  The  lesser  extent  and  frequency  of 
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low  barometer  areas  during  the  summer  months  account  in 
a  large  measure  for  the  increased  sunshine  which  then  ob- 
tains. 

The  Great  Lakes  are  the  most  important  source  of  the 
local  clouds  in  winter.  The  vast  quantities  of  vapor  which 
rise  from  the  lake  surfaces  are  condensed  by  the  prevailing 
cold  north  westerly  winds,  and  drift  with  them  in  a  l.road 
sheet  over  the  greater  part  of  western  and  central  New 
York.  Southeastern  New  York  owes  its  clearer  atmosphere 
to  the  fact  that  the  prevailing  winds  carry  the  ocean  vapors 
< i tray  from,  and  not  toward,  the  coast. 

In  summer  the  prevailing  southerly  winds  carry  the  lake 
vapors  over  Canada  rather  than  New  York,  and  also  tin- 
high  air  temperature  to  a  large  degree  prevents  coin !•  -n Ca- 
tion and  cloud -formation.  Hence,  during  the  warm  months 
fair  weather  prevails  much  more  uniformly  over  the  State 
than  in  winter. 

The  distribution  of  cloudiness  over  the  State  for  tin- 
year  is  shown  by  the  accompanying  chart  (Fig.  1207). 

RELATIVE  HUMIDITY.     (P?:i:  CKXT.) 
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Although  the  <il>s»lni<'  amount  of  moisture  in  the  air  i< 
least  during  the  winter,  the  percentage  rr/nf/n  ///  to  s«t/<i'<i- 
tion  (the  relative  humidity)  is  then  generally  ;it  a  maxi- 
mum. At  Hlock  Inland,  however,  the  northerly  winter 

winds  have  tra\'ei'sed  a  lesser  expanse  of  water  >urt'; than 

the  southei'ly  or  ocean  winds  of  summer,  and  thi^  circum- 
stance, with  tin1  more  moderate  de^re.^  of  heat  and  cold  to 
which  the  island  is  subject,  reverses  the  rule  applying  1" 
inland  stations,  causimr  the  maximum  humidity  to  occur 
during  the  summer.  Tin-  is  ihe  case  also  along  the  south 
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shore  of  New  England  and  probably  over  the  greater  part 
of  Long  Island. 

The  maximum  humidity  at  the  Weather  Bureau  Stations 
within  the  State  is  found  at  Buffalo,  which  is  subject  to 
prevailing  winds  from  the  Lake.  The  region  of  least 
moisture,  on  the  other  hand,  appears  to  be  the  Champlain 
Valley,  as  shown  by  a  two  years'  record  at  Plattsburg. 
The  conditions  are  here  very  dissimilar  to  those  of  stations 
at  the  same  latitude  in  the  St.  Lawrence  Valley,  the  latter 
region  showing  substantially  the  same  humidity  which  pre- 
vails near  the  Great  Lakes. 

The  limits  of  this  paper  have  rendered  it  necessary  to 
consider  climate  as  a  fixed  and  definite  entity,  whose 
elements  are  represented  by  the  averages  of  long  series  of 
observations.  As  a  matter  of  fact,  successive  years  may 
differ  so  widely  in  many  or  all  of  their  characteristics  as 
to  bear  little  resemblance  to  the  ideal  which  our  averages 
represent.  For  example,  the  highest  mean  temperature  on 
the  records  of  New  York  City  for  January  was  40°,  which 
is  the  normal  value  for  that  month  at  Norfolk,  Va. ;  while 
the  coldest  January  at  New  York  has  the  same  average 
as  the  normal  at  Portland,  Me.  (20°).  The  fluctuations  of 
other  elements  are  quite  as  marked.  Rainfall  is  especially 
variable,  the  annual  total  at  Ithaca  in  one  case,  for 
instance,  differing  from  the  normal  by  50  per  cent. 

To  determine  the  extent  and  law  of  such  fluctuations, 
an  examination  has  been  made  of  the  records,  which,  in 
this  State,  extend  back  to  1826.  As  regards  temperature, 
it  is  found  that  the  coldest  months  of  the  year  are  the 
most  variable,  and  that  the  variation  may  amount  to  10° 
either  above  or  below  the  normal,  giving  a  range  of 
20° ;  but  has  not,  so  far,  much  exceeded  that  amount.  In 
summer,  the  range  of  monthly  means  does  not  exceed 
12°.  We  also  find  that  deviations  of  2°  or  3°  on  either 
side  of  the  normal  occur  about  as  frequently  as  a  closer 
agreement  with  the  normal;  but  beyond  that  limit  warm 
or  cold  months  are  less  frequent  in  proportion  to  their 
deviation  from  the  normal.  The  normal  has,  then,  a  mean- 
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ing  and  value  as   being   approximately  the  most  probable 
value. 

The  same  rule  holds  in  a  measure  also  for  precipita- 
tion; but  the  variations  of  this  element  are  so  wide  that 
the  formulation  of  any  law  becomes  hazardous,  and  cer- 
tainly is  beyond  the  scope  of  this  article.  The  rainfall  in 
a  single  day  may  exceed  that  of  an  entire  season,  and,  ;is 
already  stated,  the  annual  totals  are  subject  to  variations 
of  over  50  per  cent.  If,  however,  we  compute  the  total 
precipitation  of  the  Januarys  (say)  of  a  long  series  ot 
years  at  a  given  station,  and  then  for  a  second  period 
of  like  duration,  the  two  will  agree  quite  closely,  and  the 
more  so  as  the  length  of  the  periods  is  increased. 

The  normals  (which  are  simply  these  totals  divided  by 
the  number  of  years  of  the  record)  thus  serve  an  import- 
ant purpose  in  bringing  out  the  characteristic  fluctuations 
of  rainfall  from  month  to  month,  and  in  different  regions. 

It  is  often  asked,  Is  our  climate  gradual  It/  cJunttji  >/</.' 
To  this  question  no  perfectly  definite  and  satisfactory 
answer  can  as  yet  be  given;  but  we  may  at  least  assert 
that  the  changes,  if  any  exist,  are  not  sufficiently  import- 
ant to  be  readily  discernible  in  the  long  records  at  our 
disposal.  Only  the  broadest  survey  of  climatologies  1 
evidence  can  justify  any  conclusions  in  this  matter,  and 
for  such  a  survey  we  must  look  to  the  work  of  llriick net- 
in  Germany.1  This  investigjitor  has  made  use  of  all  avail- 
able records  of  weather,  ice-formation  and  fluctuations  <>!' 
level  in  rivers  and  lakes,  dates  of  harvest  and  <>tlier  hi-- 
torical  material,  for  the  entire  northern  hemisphere.  ||,. 
concludes  that  relatively  warm  and  dry  periods  alternate 
with  cold  and  wot  periods;  the  same  phases  recnrrinv;  at 
intervals  of  about  35  years,  or  more  accurately,  as  follows: 

WARM    AND    DRY.  COLD    ANM>    \VKT. 

1791-1805  1*'»5  1*20 

1821-1833  1836  is.'.o 

1851-1870  L871  L888 
(1886-1905) 

1  See  Modern   .Meteorology,   by   F.   \V:il<l->.   Scrihn.  r> 
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The  cold  years  differ  from  the  warm  years  by  about 
2° ;  and  the  dry  years  from  the  wet  by  about  20  per  cent 
of  the  total  precipitation.  These  results  have  little  value, 
however,  excepting  in  their  scientific  aspect;  for  they  show 
wide  deviations  from  the  data  of  a  restricted  region  like 
our  own,  and  furnish  but  little  basis  for  local  predictions. 
The  progress  of  deforestation  is  also  often  said  to  be  the 
cause  of  important  changes  in  climate;  but  the  most  care- 
ful investigation  of  the  subject  has  hitherto  given  only 
negative  results. 


CHAPTER  XII 

INFLUENCE    OF    PHYSIOd  1!A  I'll U      11 ATURES    UPON    Till:    I  Mil  - 

TRIAL  i>i-:t  i:!.<>i'Mi:\rs  OF  THE  STATE 

MOUNTAIN  SCENERY. — There  are  few  places  in  tin-  word 
in  which  the  environment — climatic  and  topographi< —  have 
not  produced  an  important  influence  upon  human  progress. 
But  one  would  need  to  look  far  and  wide  to  find  a  better 
illustration  of  this  than  is  offered  by  the  State  of  NVw 
York.  In  the  main  the  State  consists  of  a  serie>  of  plain-; 
and  much- dissected  plateaus,  comprised  generally  of  broad 
valleys  and  rounded  hill-slopes.  Semi- mountainous  here 
and  there,  the  surface  becomes  truly  so  in  two  parts  <>nly- 
the  Adirondacks  and  the  neighborhood  of  the  Catskills. 

These  mountains — rugged  and  rocky — art-  >par>e|\-  set- 
tled districts  in  an  otherwise  populous  State.  The  unfavor- 
able conditions  of  soil  and  topography  for  a  long  time 
discouraged  settlement;  but  recently,  on  account  of  the 
more  widespread  development  of  the  .-esthetic  sense,  those 
who  have  leisure  have  sought  these  districts  because  .if 
their  varied  and  picturesque  scenery  and  because  of  tin- 
lower  summer  temperature  which  results  from  their  eleva- 
tion. 

The  picturesqueness  of  these  mountain  districts  i>  partl\ 
due  to  their  elevation,  as  a  result  of  which  they  have  b.-.-ii 
carved  into  \aried  outlines,  and  partly  to  the  effects  «>f  the 
glacier  which  1,,-is  spread  over  practically  the  entire  State. 
Moving  vlowlv  and  irtvsist iblv  over  the  land,  the  Lrtvat  i< 

•  • 

sheet  scoured  the  hilltops  and  dragged  its  load  of  boulder- 
clay  into  the  valleys,  clogging  them  here  and  there,  and 
sometimes  transforming  them  into  lakes,  Sometimes  eaii-im: 
the  streams  to  choose  ne\v  COUrSOS,  aloiiLT  which  they  have 

since  duir  their  channel-,  carving  gorges  iii  the  rocks  and 
leaping  from  layer  to  layer  in  cascades,  rapids  and  fall 

•7i 
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Thus,  by  the  effect  of  glaciation,  a  new  beauty  has  been 
added  to  a  region  already  picturesque. 

THE  LUMBERING  INDUSTRY. —  In  working  upon  the  hard 
rocks  of  the  mountains  the  glacier  has  swept  off  the  soil 
that  previously  existed,  and  over  large  areas  has  left  in  its 
place  either  bare  ledges  or  a  boulder  -  strewn  surface. 
Neither  is  the  slope  too  great  nor  the  climate  too  rigorous 
for  successful  agriculture  in  most  of  this  mountainous  tract; 
but  as  a  result  of  the  glacial  accident  the  soil  is  either  poor 
or  entirely  lacking.  Much  the  same  is  true  concerning  the 
higher  hills  of  the  plateau  region  in  southern  New  York. 
It  has,  therefore,  not  been  worth  the  while  to  clear  off  the 
forests,  as  has  been  done  elsewhere,  so  that  the  hilltops  and 
mountain  slopes  are  still  wooded,  furnishing  a  forest  reserve 
long  after  one  would  have  existed  in  a  more  level  region. 
In  this  respect  the  Adirondacks  and  the  Catskills  resemble 
northern  New  England  rather  than  the  remainder  of  New 
York. 

Lumbering,  as  an  industry,  is  one  of  the  few  occupations 
that  are  available  for  those  who  dwell  among  these  moun- 
tains, for  minerals  are  few  and  mostly  of  little  value,  while 
building -stones,  which  might  be  of  use,  are  too  remote  from 
market.  Removal  of  the  forests  has  proceeded  so  far  that 
little  of  the  primitive  growth  remains,  and  even  though 
large  sections  of  the  Adirondacks  are  inaccessible,  except 
on  foot,  the  lumbering  operations  have  extended  over  nearly 
all  their  slopes.  This  has  been  rendered  possible  here,  as 
in  Maine,  partly  by  reason  of  the  climate,  and  partly,  once 
more,  by  reason  of  the  influence  of  the  glacial  period.  The 
cold  winter  freezes  the  ponds,  swamps  and  streams,  and 
permits  heavy  snowfall,  which  levels  the  surface,  burying 
the  dead  logs  and  boulders,  thus  permitting  sledging  in 
the  winter,  so  that  supplies  may  be  drawn  into  the  lumber 
camps  and  the  logs  be  hauled  out  from  the  woods.  The 
heavy  snows  of  the  mountains  supply  the  necessary  spring 
torrents  by  which  the  logs  are  drifted  down  to  sawmills. 

The  effect  of  the  glacial  period  upon  the  lumbering  in- 
dustry, in  addition  to  its  effect  upon  the  soil,  is  primarily  in 
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the  formation  of  lakes,  which  act  as  storage  reservoirs  for 
the  water  supply  needed  by  the  lumbermen  \\li«>  are  driving 
their  logs  down  stream.  Thus  a  region  unfitted  |'.,r  tin- 
dense  populati(.>n  of  an  agricultural  district  i-  sparsely  occu- 
pied by  those  whose  Business  is  lumbering.  A  mad  map  of 
New  York  State  shows  a  remarkable  blank  in  the  hilly  dis- 
tricts of  the  plateau  of  <  'attaraugus  County,  tin-  Catskills 
and  th<'  Adirondacks  (Fig.  L'as). 

The  lumbering  industry  of  the  mountain  district-  has 
naturally  had  a  distinct  influence  upon  the  industries  of  tin- 
sections  round  about.  Where  hemlock  bark  is  easily  ac- 
cessible, tanneries,  and  leather  work  in  general,  have  heen 
possible.  Sawmills,  lumber  mills,  paper  mills  and  other 
industries  using  timber  have  also  naturally  developed 
near  by. 

THE  AGRICULTURAL  INDUSTRY.— The  glacial  accident  has 
stamped  its  effects  upon  the  entire  State.  No  doubt  before 
the  ice  came  there  was  a  residual  soil  caused  bv  rock  decav 

•  • 

and  not  unlike  that  now  covering  the  surface  in  the  more 
southern  states;  and  no  doubt  this  same  kind  of  soil 
covered  all  of  New  England.  This  soil  was  almost  entirely 
swept  away,  and  in  its  place  was  set  down  the  present 
glacial  soil,  consisting  for  the  most  part  of  a  mixture  of 
clay  and  boulders,  here  and  then-  of  poor  quality,  but  in 
general  strong  and  favorable  to  agricultural  pursuits. 

One  unacquainted  with  the  explanation,  but  knowing  well 
the  New  England  and  New  York  region,  would  scarcely  recog- 
nize in  the  two  contrasted  kinds  of  soils  a  single  product  of 
ice  action.  In  New  England  the  -urface  is  often  so  boiilder- 
strewn  that  it  at  times  seems  a  wonder  that  any  agriculture 

should  ever   have   1 n    attempted    there;    lull   in  New  York. 

outside  of  the  moiintaiiioii-  eastern  section,  there  are  so  few 
boulders  upon  the  surface  that  one  rarely  8668  a  stone  wall 
one  of  the  characteristic  feature-  of   much  of  tin-  New  Kn-j 
laud    scenery.      This   difference    is   due    to    the    kind    of   rock 
which    the    ice   found    to    carry.      In    N'e\\     Kuirland    it    1" 
granite   and    other    hard    fragments;    in    New    York,    usually 
softer  shales   and   limestone.     <  Y\-tallinc  rocks  wen-  siip- 

X 


FIG.  208.    Road  map  of  the  Adirondacks  and  vicinity,  showing  the  scarcity  of  roads 
in  the  timber-covered  mountainous  sections. 
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plied  to  New  York  from  Canada,  it  is  true;  l.iit  in  their 
long  journey  these  were  generally  ground  to  day,  though 
here  and  there  "hard  heads,"  which  have  escaped  com- 
minution, may  still  be  seen  on  the  surface.  In  tin-  neigh- 
borhood of  the  Adirondacks,  and  other  sections  where  the 
rocks  are  hard,  the  glacial  soil  closely  resembles  that  of 
New  England. 

This  soil  of  glacial  origin  varies  greatly  from  place  to 
place,  so  that  innumerable  minor  influences  of  physiography 
upon  occupations  are  found.  There  are  glacial  plains  of 
compact  clay  soil  that  produce  crops  of  apples  and  pear-: 
there  are  very  extensive  beaches  of  gravel,— the  seals  of 
vineyards;  there  are  thin  soils,  suitable  only  for  pasturage; 
and  there  are  sandy  stretches  of  little  value  to  the  agri- 
culturist. Some  sections  are  smooth  and  regular;  others 
are  so  hummocky  that  farming  must  almost  be  done  by 
hand;  and  some  portions  of  a  single  farm  are  level,  others 
irregular,  'Some  with  good  soil,  others  witli  poor.  It  is 
along  the  terminal  moraine  that  the  most  marked  irregu- 
larities of  this  sort  are  found. 

The  rounded  preglacial  topography  was  rendered  even 
less  irregular  by  the  ice  visit.  Hills  were  lowered  by  ice- 
scouring  and  valleys  were  partly  filled  with  the  debris. 
Therefore,  since  it  left  a  good  soil,  the  glacier,  by  smooth- 
ing the  surface  somewhat,  made  the  greater  part  of  tin- 
State  better  adapted  to  the  immense  and  varied  agricul- 
tural interests  which  have  developed  than  it  \vas  before 
the  glacial  period. 

l*nder  conditions  of  variable  soil  and  irregularity  of 
topography  an  exceedingly  varied  agricultural  industry  has 
arisen  in  the  State.  It  has  not  depended  entirely  upon 
the  soil,  but  in  part  upon  the  climate  and  in  part  upon 
the  needs  of  the  people,  developed  through  the  creation 
of  industries  of  other  kinds  than  agriculture.  The  inllu- 
ence  of  climate,  for  instance,  is  well  illustrated  by  the 
important  fruit-belts  along  the  shores  of  lakes  KHe. 
Ontario,  Keiika,  Seneca  and  Csiyuga,  and  also  along  the 
broad  estuary  of  the  Hudson  River.  The  influence  arising 
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from  the  demands  of  people  who  are  engaged  in  other 
industries  is  illustrated  in  the  neighborhood  of  each  of  the 
cities  of  the  State,  where  many  men  are  engaged  in  rais- 
ing crops  almost  exclusively  for  consumption  in  the  cities. 

But  while  these  other  influences  must  be  considered, 
the  most  directly  important  controlling  force  in  the  agricul- 
tural development  of  the  State  is  undoubtedly  the  soil 
itself.  The  glacial  soil  is  strong,  and  will  stand  a  great 
deal  of  unwise  culture,  although  in  time  even  the  best 
becomes  exhausted  if  too  heavy  a  drain  is  made  upon  it. 
Soils  of  residual  origin  have  been  caused  by  the  decay  of 
rocks,  during  which  most  of  the  soluble  material  has  been 
leached  out,  although  enough  is  still  stored  up  to  supply 
plants  with  the  necessary  food,  and  do  it  so  readily  that 
at  first  wonderfully  rich  crops  are  produced;  but  ere  long 
this  abundance  of  plant- food  is  exhausted  and  the  soil  is 
run  down,  and  has  its  fertility  restored  only  with  great 
difficulty.  This  is  very  clearly  illustrated  in  the  over- 
worked and  abandoned  plantations  of  the  South. 

A  glacial  soil,  on  the  other  hand,  being  composed  of 
rock  fragments  scoured  from  the  ledges  and  by  the  grind- 
ing of  boulders  together,  consists  of  many  undecayed,  or 
only  partially  decayed,  rock  fragments.  These,  under  the 
action  of  frost,  or  the  effect  of  roots  of  plants  and  other 
agents  of  rock  decay,  are  slowly  furnishing  to  the  glacial 
soils  the  very  plant -food  that  the  vegetation  needs.  There 
is,  therefore,  a  steady  supply  of  the  elements  of  fertility, 
although  not  quite  rapidly  enough  to  counteract  the  heavy 
drain  made  by  over -till  age.  The  glacial  soil  is  not  a  mere 
storehouse  of  plant-food,  but  a  manufactory  of  it  as  well; 
and  glacial  soils  are  therefore  so  strong  that  they  last  for  a 
long  time. 

THE  BEGINNINGS  OF  MANUFACTUKING. — A  great  agricul- 
tural industry,  particularly  one  so  varied  and  specialized  as 
that  of  New  York  State,  could  not  have  developed  unless  a 
market  were  found  for  its  products.  The  farmer  may  sup- 
ply himself  amd  family  with  food,  and  in  a  crude  way  may 
live  and  have  the  necessities  of  life  even  when  entirely  iso- 
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lated,  but  he  cannot  go  farther  than  this  unless  IK-  is  able 
to  find  some  one  who  needs  a  part  of  his  products  and  is 
willing  to  exchange  for  them  something  which  the  fanner 
himself  needs.  The  pioneer  settlers,  of  course,  did  n,,t 
have  this  cooperation,  bnt,  just  as  now  there  are  fanners 
living  in  portions  of  the  Far  West  in  practical  independence 
of  other  people,  so  then  the  pioneers  were  dependent  en- 
tirely upon  their  own  energies  and  ingenuity  to  supply  their 
pressing  needs. 

There  are  two  natural  means  by  which  the  products  of 
the  soil  may  be  made  of  value  in  exchange,  and,  fortu- 
nately, New  York  possesses  both  of  these,  and  the  pioneers 
early  developed  them.  If  the  natural  facilities  favor  the 
development  of  other  industries  than  agriculture,  those  en- 
gaged in  these  industries  will  need  to  be  fed  by  the  farmers; 
or,  if  the  people  in  more  distant  sections  may  be  easily 
reached,  the  crops  from  the  farms  may  be  shipped  away  in 
exchange  for  other  products. 

From  the  very  earliest  settlement  of  the  State  other  in- 

V 

dustries  than  farming  have  been  in  existence.  At  first  there 
was  trapping  and  hunting — a  form  <>f  industry  which  sup- 
ports but  a  limited  population,  and  that  of  an  unsettled 
kind,  roaming  about  from  place  to  place.  The  hunter  and 

trapper  arc  practically   as   independent  of  all   other    \ pie 

as  is  the  farmer  in  remote  regions,  but  the  hunter  is,  never- 
theless, able  and  willing  to  exchange  products  of  the  chase 
for  the  materials  raised  on  the  farm.  While  the  trapper 

comes  first  in  the  sett  lenient  of  a  fore-ted  region,  the  \\ 1- 

chopper  usually  Succeeds  him,  sometimes  destroying  the 
timber  for  the  purpose  of  clearing  a  patch  of  land  for  his 
crops,  but  often  engaging  in  the  business  in  an  extensive 
way,  clearing  off  trees  and  removing  the  logs  (Fig.  209  , 
In  a  region  of  gnud  soil  the  lumberman  is  naturally  quickly 
succeeded  by  the  farmer;  so  in  the  early  day-  of  the  devel- 
opment of  the  State,  after  the  trapper  came  the  lumberman, 
whose  occupation,  not  being  a  food-supplying  one,  de- 
manded that  he  should  be  supplied  with  what  he  needed  for 
food  and  clothing.  As  little  patches  of  meadow  land  among 
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the  woods  of  Maine,  far  away  from  the  railways,  now  sup- 
ply their  owners  with  an  excellent  living  because  of  tin- 
crops  of  hay,  potatoes,  etc.,  which  they  produce  for  tin- 
lumbermen,  so  in  the  early  days  of  New  York  history,  one 
of  the  sources  of  profit  to  the  pioneer  farmer  came  from  the 
demands  that  were  made  upon  him  by  the  lumbermen. 

Timber-cutting  means  not  merely  the  work  <>f  cutting 
the  trees  and  floating  the  logs  away,  which  would  supply 
employment  to  but  a  limited  number — it  demands  that 
there  shall  also  be  much  work  in  preparing  the  lumber  for 
market.  As  to-day  the  lumber  where  it  stands  in  the 
Adirondacks,  or  in  that  immediate  neighborhood,  is  of  very 
little  value  because  of  the  absence  of  market,  so  while  the 
forests  in  the  agricultural  part  of  the  State  wen-  beinv; 
stripped  off,  it  was  necessary  not  merely  to  cut  the  trees  but 
to  remove  the  lumber.  As  now  in  the  Adirondack's,  so  then 
in  the  remainder  of  the  State  the  removal  of  the  forest-  was 
greatly  facilitated  by  the  waterways.  Lumber  could  be 
floated  down  the  streams  and  was  removed  in  that  way,  and 
this  fact  has  had  a  great  influence  upon  the  State,  being 
of  importance  not  merely  because  it  served  as  a  means 
for  the  removal  of  the  forests,  but  also  because  it  fur- 
nished one  of  the  first  great  proofs  of  the  importance  of 
these  waterways. 

Therefore,  early  lumbering  was  an  industry  serving  n<>t 
only  to  employ  the  men  immediately  engaged  in  it  in  cut- 
ting the  trees,  floating  the  logs  ami  sawing  them  up— but 
also  aiding  agriculture  partly  by  clearing  oil'  the  forests 
which  encumbered  the  land,  and  partly  by  furnishing  some 
support  1<>  the  growing  industry  of  agriculture  through 
demand  for  the  farm  products.  It  furthermore  aided  in  the 
industrial  development  of  the  State  by  pointing  out  the 
usefulness  of  the  waterways,  whose  later  development  has 

had  such  notable  influence  upon  the  prosperity  of  tl atire 

State. 

The  nece^ity  of  unking  the  pm-h  logs  into  lumber  and 
wooden  articles,  as  barrels,  laths,  shingles,  etc.,  caused  the 
location  of  sawmills  in  various  parts  of  the  State.  This 
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work  of  transforming  the  rough  lumber  to  various  wooden 
articles  was  greatly  facilitated  by  the  numerous  rapids  and 
waterfalls  scattered  over  the  State  as  a  result  of  the  glacial 
accident  which  has  turned  so  many  streams  from  their 
courses  and  forced  them,  in  choosing  new  courses,  to 
tumble  noisily  along  over  the  rock  layers  of  variable  hard- 
ness. Most  of  these  sawmills  have  now  disappeared,  and 
their  water-power  has  come  to  be  utilized  for  other  purposes, 
so  that  one  traveling  over  the  State  at  the  present  time 
would  scarcely  realize  what  an  important  step  in  the  in- 
dustrial development  of  New  York  this  removal  and  manu- 
facturing of  lumber  has  been.  It  was  the  basis  for  the 
wealth  of  many  of  the  families  of  New  York  State.  Turn- 
ing their  attention  to  the  removal  of  the  forests  from  the 
land,  they  developed  a  capacity  for  this  form  of  business 
which,  when  the  opportunity  disappeared  through  the  re- 
moval of  the  timber,  was  transferred  to  other  regions,  even 
though  the  man  himself  remained  living  where  he  first 
began  his  lumbering  operations.  Some  of  the  lumbermen 
worked  toward  the  Adirondacks,  others  saw  still  greater 
opportunities  in  the  West,  and  much  of  the  development  of 
lumbering  in  the  Michigan  and  Wisconsin  region  has  de- 
pended upon  the  skill  previously  acquired  in  New  York 
State.  Now  that  these  western  forests  are  disappearing, 
one  finds  the  Wisconsin  lumbermen  transferring  their  busi- 
ness interests  to  other  fields,  as,  for  instance  the  South. 
One  of  the  important  results  of  this  ancient  lumber  industry 
is  found  in  the  location  and  development  of  Cornell  Uni- 
versity, which  owes  much  of  its  financial  endowment  to 
the  lumberman's  skill  and  business  foresight. 

Closely  succeeding,  and  in  many  cases  even  accompany- 
ing the  manufacturing  which  was  associated  with  the 
removal  of  the  forests,  came  the  development  of  manu- 
facturing associated  with  agriculture.  And  since  agricul- 
ture has  permanently  succeeded  lumbering  in  most  parts 
of  the  State,  the  grist-mills,  which  were  the  first  of  the 
manufacturing  plants  related  to  the  agricultural  industry, 
have  maintained  their  hold  and  are  still  in  operation  along 
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the  hundreds  of   creeks  which    How  with  torrential  course 
down  their  post-glacial  valleys. 

THE  LATER  DEVELOTMKNT  OF  M.\\ri  .\<n  i;i\(;. —  Many 
other  forms  of  manufacturing  have  developed  as  the  State 
has  become  more  settled.  The  grist-mills  near  the  water- 
falls of  the  Genesee  at  Rochester  have  developed  greatly 
in  importance,  and  the  water-power  is  utili/ed  for  many 
other  forms  of  manufacturing.  The  demand  of  the  agri- 
culturist for  implements  has  led  to  the  development  of  the 
immense  Osborue  plant  at  Auburn.  Cheese  factories  and 
creameries  have  been  located  all  over  the  State;  and  along 
the  various  water  routes  manufacturing  towns  engaged  in 
many  forms  of  industry  have  been  established. 

The  debt  that  the  manufacturing  interests  of  Now  York 
State  owe  to  the  glacial  accident  can  never  be  fully  stated. 
The  glacier  left  the  country  dotted  with  lakes;  and  it  left 
many  of  the  streams  turned  from  their  courses  down  slopes 
over  which  they  flowed  rapidly.  For  this  reason,  as  in  the 
case  of  New  England,  most  pails  of  New  York  came  into 
the  possession  of  almost  unlimited  water-power.  \Vitlioiit 
other  physiographic  advantage-  this  might  not  have  been 
developed  as  it  has  been;  but,  aided  by  the  facilities  for 
transportation,  and  by  the  increasing  density  of  the  agri- 
cultural population,  the  region  has,  as  the  result  of  natural 
causes,  become  not  only  a  great  agricultural  district,  but 
also  one  of  the  most  important  manufacturing  regi  >ns  in 
the  country,  with  large  towns  and  cities  and  their  conse- 
quent multitudes  of  workers  demanding  products  many  of 
which  the  soil  is  easily  made  to  furnish.  ^  ith  this  devel- 
opment of  the  home  market  there  came  also  a  <litl<  r<  nti<i- 
f'tiin  in  agriculture,  until,  in  addition  to  grain- raising,  there 
have  developed  the  industries  of  fruit  -raising,  dairying, 
sheep-raising,  truck  farming  and  the  other  great  agricul- 
tural interests  for  which  New  York  is  noted. 

The  State  has  not  begun  to  reali/.e  all  of  its  natural  re- 
sources  of  water-power,  the  most  impressive  example  of 
unused  facilities  being  Niagara  Kails,  also  a  product  of  the 
glacial  accident.  This  immense  cataract,  for  a  long  time 
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merely  a  great  fall,  to  see  which  people  have  journeyed  from 
all  countries,  is  now,  like  its  less  notable  neighbors,  which  ex- 
ist by  thousands  in  the  State,  being  made  to  take  a  share  in 
the  industrial  development  of  New  York.  This  almost  inex- 
haustible water-power  is  being  put  to  use,  though  it  seems 
almost  desecration  to  fill  the  beautiful  gorge  and  line  its 
banks  with  great  tubes  and  unsightly  power-houses,  and  to 
transform  the  border  of  the  cataract  into  a  busy  city  with 
its  throng  of  unsympathetic  workers.  This  is,  however,  an 
age  of  progress,  in  which  the  needs  of  mankind  take  prec- 
edence over  sentiment,  and  Niagara  is  destined  not  merely 
to  light  and  furnish  the  electric  power  for  Buffalo,  but  also 
to  run  countless  manufactories  in  its  neighborhood.  It 
promises  to  become  the  greatest  source  of  power  in  the 
whole  world,  and  to  furnish  industrially  a  marvelous  illus- 
tration of  the  grandeur  of  nature's  forces  as  it  has  in  the 
past  filled  the  traveler  with  awe. 

MINERAL  RESOURCES. — The  mineral  resources  of  New 
York  have  not  done  much,  as  compared  with  many  other 
States,  to  aid  in  the  industrial  development  of  the  region. 
Aside  from  iron  mined  in  a  few  places,  certain  building- 
stones,  clays,  cement  and  minor  products  found  here  and 
there,  and  a  relatively  small  amount  of  petroleum — the 
northern  continuation  of  the  Pennsylvania  field — the  State 
has  supplied  little  else  of  mineral  origin  excepting  salt. 
This  latter  product,  however,  has  been  of  marked  import- 
ance. While  at  present  it  is  producing  so  great  an  output 
that  it  employs  many  thousands  of  workers  and  determines 
the  position  of  a  number  of  towns  and  villages,  in  the  past 
it  was  even  more  important,  although  its  output  was  vastly 
less  extensive.  The  salt  springs  at  Syracuse,  resorted  to 
by  the  Indians  and  used  by  them,  became  a  center  of  im- 
portance in  the  early  days  of  pioneer  travel,  and  later, 
when  the  settlers  of  the  neighborhood  needed  salt,  these 
springs  led  to  the  development  of  the  industry  which  located 
one  of  the  large  cities  of  New  York.  Syracuse  has  passed 
the  day  when  it  was  a  great  salt-producing  city,  but  the 
seat  of  this  early  industry  attained  sufficient  size  to  warrant 
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its  future  development  as  a  result  of  other  industries,  one  of 
the  most  iinportaut  of  which  is  directly  dependent  mi  tip- 
salt. 

The  lack  of  coal  would  have  been  a  much  greater 
drawback  to  New  York  had  it  not  been  for  the  pre.-ence 
of  extensive  deposits  of  this  mineral  not  far  away  in  ;i 
neighboring  State.  Very  early  this  was  transported  into 
New  York  for  manufacturing  purposes,  and  across  the  State 
for  use  in  more  remote  regions;  and  the  coal-cam  -ing  trade 
of  the  early  days  was  one  of  the  important  aids  to  tin-  devel- 
opment of  the  great  water  routes  of  New  York,  and  helped 
to  determine  some  of  the  cities,  as,  for  instance,  Ithaca. 

THE  WATERWAYS.  —  A  home   and    foreign    market  of   the 
present   size   could   not   have   been   created   in    New   York 
had  there  been  no  natural  facilities  for  the  transportation 
of  the   products   of   manufacture.      But  with    facilities    for 
transportation,  the  agricultural    industry  has    far  e.\»  ......  led 

the  demands  of  the  immediate  home  market,  and  the  prod- 
ucts of  the  farm,  as  well  as  those  of  the  factories,  are 
sent  far  and  wide.  While  at  present  man  has  in  some 
respects  risen  considerably  above  the  influence  of  his  im- 
mediate environment,  in  the  early  days  of  the  develop- 
ment of  the  State  the  surroundings  had  an  immense 
influence  upon  the  conditions  of  life.  In  tho>e  day-  the 
time  had  not  yet  come  when  railways  could  penetrate  into 
the  remote,  seemingly  almost  inaccessible,  region-;  natural 
pathways  were  followed,  and  among  tlie>e  the  nm>t  potent 
were  the  water  routes. 

The  Stale  is  traversed  by  such  a  series  of  natural 
water  highways  that  it  has  always  been  ].<>-sible  to  iraxd 
by  water  over  a  large  ]i,-irt  of  it-  area.  Besides  the  two 
great  lakes,  Ontario  and  Krie  —  separated,  to  be  sure,  by 
the  impassable  Niagara  Falls  —  there  are  Chautauqua  Lake, 
the  several  Finger  Lakes,  Oneida  Lake,  Lake  GK)Orj 
Lake  Champlain,  the  Si.  Lawrence  River,  the  Ilud-on,  tin- 
Mohawk,  the  Susi|iieli;inna  and  the  Allegheny,  besides  in- 
numerable small  lake<  and  nver<.  I'pon  the-e  tin-  Indian-; 
traveled  by  canoe;  ;md  the  early  white  pioi  .....  r-  followed 
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the  same  means  of  travel.  Numerous  falls  and  rapids 
required  " carry s,"  and  " carry s"  were  often  necessary 
across  divides;  but,  nevertheless,  it  was  possible  to  pene- 
trate, mainly  by  water,  deeply  into  the  New  York  wilder- 
ness. The  importance  of  this  ready  access  is  illustrated 
with  great  clearness  in  the  early  history  of  the  State ;  the 
Dutch  settlements  along  the  Hudson,  and  the  pushing  of 
the  frontier  line  up  the  Mohawk,  and  out  over  the  plains 
of  north -central  New  York,  and  along  the  lake  shores, 
tell  of  the  important  influence  of  the  waterways. 

Since  railways  were  not  then  thought  of,  as  the  develop- 
ment of  the  State  continued  beyond  the  primitive  stage 
when  canoeing  and  the  use  of  small  boats  sufficed,  the  de- 
mand for  better  means  of  entrance  and  exit  naturally  led 
to  the  construction  of  canals.  Owing  to  the  large  river 
valleys,  and  to  the  numerous  lakes,  a  few  canals  opened  up 
to  larger  boats  a  great  expanse  of  country.  Each  of  these 
canals  has  had  an  important  influence  upon  the  develop- 
ment of  the  State;  but  the  great  scheme  for  the  improve- 
ment of  the  waterways  of  New  York  was  the  building  of 
the  long  Erie  canal.  Nature  invited  this,  and  the  wisdom 
of  some  of  the  early  statesmen  of  New  York  led  to  the  ac- 
ceptance of  the  invitation. 

The  sinking  of  the  land,  or  its  "drowning,"  had  ad- 
mitted the  ocean  tide  up  the  Hudson  River  beyond  Albany. 
The  glacial  accident  had  transformed  two  streams,  one 
flowing  westward,  one  flowing  eastward,  into  a  single  east- 
flowing  Mohawk,  with  a  gentle  slope  from  the  divide  near 
Rome,  with  one  or  two  exceptions,  all  the  way  down  to  the 
Hudson.  From  Rome  westward  there  stretched  a  plain 
greatly  leveled  by  glacial  erosion  and  deposit,  and  covered 
so  deeply  with  drift  that  for  a  large  part  of  the  distance 
from  the  Hudson  to  Lockport,  the  digging  of  the  canal 
required  merely  earth  excavation  and  little  rock  work.  The 
one  great  obstacle  to  the  construction  of  the  canal  was  the 
escarpment  at  Lockport,  to  surmount  which  considerable 
ingenuity  was  required;  but,  after  reaching  the  crest  of  the 
upper  plain,  the  remainder  of  the  route  to  Buffalo  was 
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simple,  being  over  a  wonderfully  level  plain.  This  opened 
up  communication  not  only  across  tin-  the  entire  Stale,  hut 
to  the  then  unsettled  and  unknown  \Ycst.  Short  side 
connected  the  Erie  canal  with  Lake  Ontario  and  the 
Lakes,  and  these  in  turn  were  hut  a  short  distance  from  the 
Susquehanna. 

No  one  can  ever  estimate  the  importance  of  this  c.-mal 
system  in  the  development  of  the  City  of  Ne\v  York  and 
the  State  as  a  whole.  The  direct  benefits,  when  it  was  the 
only  means  of  transportation  of  materials,  are  well  under- 
stood. The  indirect  influence,  in  leading  to  the  construc- 
tion of  railways,  is,  perhaps,  not  so  widely  appreciated. 
There  are  many  who  helieve  that  the  usefulness  of  this 
canal  system  is  of  the  past;  that  the  present  day  has  out- 
grown the  conditions  of  canal  boating.  Doubtless  they  are 
correct  in  so  far  as  canals  of  the  small  Erie  type  are  con- 
cerned; but  no  one  who  has  thoughtfully  considered  the 
influence  of  the  Erie  canal  on  the  past  development  of  New 
York  can  have  any  question  as  to  the  future  value  of  an 
enlarged  Erie  canal,  which  shall  admit  the  ships  of  tin- 
lakes  and  furnish  a  free  passageway  across  the  State. 
There  are  always  those  who  question  the  value  of  lar-v  ex- 
penditures; there  were  such  objectors  at  the  time  of  the 
proposition  to  build  the  Erie  Canal  itself;  and  then-  are 
now  those  who  question  the  wisdom  of  spending  large  sum- 
in  further  improvements;  but  fortunately  it  Is  a  character- 
istic of  our  race  that  objectors  of  this  kind  are  always  in 
the  minority. 

A  combination  of  physiographic  causes  has  conspired  t.» 
make  New  York  City  a  great  commercial  center.  The  aid 
of  man  in  the  construction  of  canals,  and  later  of  railwa; 

lias  helped  to  determine  that  it  shall  !>.•  the  greatest  com- 
mercial center  of  the  nation,  and  doubtless,  in  the  not  \  cry 
distant  future,  of  the  entire  world.  It  stand<  at  one  of  the 
"•atewavs  to  the  interior  of  the  continent,  tl ther  two  be 

, 

ing  the  St.   Lawrence  and  the  Mississippi. 

the  latter  is  ton  far  south,  and  the  nio-t  productive  part 
of  the  country  is  too  distant  and  too  dillicult  to  reach. 
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The  St.  Lawrence,  with  its  great  city  of  Montreal,  furnishes 
another  natural  gateway  into  the  continent,  but  it  is  frozen 
in  for  months,  and,  owing  to  the  fact  that  the  international 
boundary  practically  prohibits  its  use  as  an  exit  for  the 
products  of  the  northern  United  States,  it  leads  into  a  much 


. 


FIG.  210.     Early  Buffalo,  1832. 

less  productive  section  than  the  Hudson  gate.  The  latter, 
with  the  aid  of  canals  and  the  lakes,  reaches  back  into  the 
most  productive  portion  of  the  American  continent.  Many 
railways  now  lead  toward  the  splendid  harbor  at  the  end  of 
the  Hudson  estuary ;  and  ships  that  pass  down  the  Hudson 
and  the  canal  boats  that  bring  loads  from  the  West,  are 
headed  toward  this  great  shipping  point.  It  is  needed  now 
to  make  the  water  connection  more  perfect. 


This  chapter  contains  but  a  general  statement  of  some 
of  the  more  salient  features  upon  which  the  development  of 
the  State  as  a  whole  has  depended — a  mere  hint  as  to  the 
direction  in  which  it  would  be  easily  possible  to  extend  the 
discussion  if  we  were  to  commence  upon  further  detail. 

It  might  readily  be  shown  why  some  parts  have  become 
the  seats  of  the  dairy  industry ;  others  of  grain  production ; 
others  still  of  vineyards,  orchards,  etc.,  either  because  of 
features  of  climate  or  soil  or  physiography;  and  it  might 
also  be  shown  that  some  portions  have  remained  nearly 
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unsettled  and  are  de.-tined  to  remain  so  in  tin-  future  !»••- 
cause  of  distinctly  unfavorable  conditions.  Moiv.,\  -«-i-, 
there  is  scarcely  a  town  whose  origin  and  development 
have  not  been  profoundly  influenced  by  the  surroundings. 
In  some  it  is  water-power  and  manufacturing;  in  others 
agriculture,  or  the  outlet  of  a  canal,  or  the  discovery  of 
iron,  salt,  oil  or  other  mineral  product,  etc.  II,,\v  tin- 
movements  of  people,  whether  for  purposes  of  exploration, 
war  or  settlement,  have  been  guided  by  the  physiography 
offers  another  inviting  field  for  study.  We  could  al-o 
dwell  upon  the  influence  of  physiography  upon  those  great 
aids  to  commercial  development,  the  railways,  and  study 
in  detail  how  closely  they  have  been  obliged  to  follow 
natural  routes.  One  gains  an  impressive  ]e.--on  in  this 
connection  when  he  attempts  to  travel  by  rail  from  central 
New  York  to  western  Pennsylvania. 

How  Buffalo  has  grown  as  New  York  City  has  developed, 
because  goods  bound  to  or  from  New  York  City  have  often 
needed  to  have  their  mode  of  transport  changed  from  rail 
or  canal  boat  to  lake  boat,  or  vice  versa!  What  a  chain 
of  important  cities  there  is  along  the  natural  water  route 
and  its  improved  extension,  the  Erie  canal,  now  followed 
also  by  railroads!  This  is  no  mere  matter  of  chance; 
nature  provided  for  it  and  man  merely  accepted  the  con- 
ditions, adapted  himself  to  them,  and  improved  upon  them 
where  slight  improvement  promised  great  reward. 

This  point  of  the  dependence  of  industrial  development 
upon  the  natural  conditions  is  one  to  which  especial  atten- 
tion needs  to  be  called  in  these  days  when  man  80  ea-ily 
overcomes^  obstacles,  causing  railways  to  a.-cend  t«>  the 
mountain  passes  or  to  plunge  directly  through  the  moun- 
tains. Now,  man  is  in  part  the  master  of  his  surround- 
ings; but  even  at  present  he  is  not  fully  free  from  their 
influence,  and  the  time  was  when  the  environment,  more 
than  any  other  single  cause,  directed  hi-  movement-  and 
guided  his  progress  in  civili/.at  ion.  We  ought  not  to  be 
allowed  to  forget  this. 
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Floodplains,  72,  83. 
Fluviatile  plains,  72,  82,  93. 
Foldintr,  28,  29. 
Foster  Flats,  271,  2!»il,  297. 
Frontal  aprons,  87,  130. 
Frost,  early,  :U(»,  347. 
Fruit  ilistricts,  38. 

Fruit  raisins,  influence  of  lakes  on,  371. 
Fulton  Chain.  211. 

<  •  •  nesei  .   I  'all.'  of,  '.'.11 . 
Genesee  River,  17,  85,  164-167. 
(iem-va,  cloudiness  -it.  ;i02. 
George,  Lake,  17.  i'm;. 

•  ieor-ian   I!ay,  222. 
Geological  development,  22. 
Geological  map.  2!!. 

(ilacial  dammed  hikes,  •Jll-2»;.">. 
(ilacinl  deposit,  11(1,  111.  1  IL'. 

•  ilacial  drift,  ll.l. 


Glacial    erosion,    108,  109,    151-154,    180, 

189,  204,  205,  2:<3,  2.'i9. 
Glacial  lakes,  195,  201-204. 
(ilacial  lakes,  deposits  in,  131. 
Glacial  period,  32,  47,  ID::. 
Glacial  plains,  72,  83,  95. 
Glacial  scratches,  109,  110,  151. 
Glacial  soil,  117. 
Glacial  theory,  103. 
Glaciation,  103. 
Glacier,  influence  of,  on  agriculture,  369- 

372. 

Glacier,    influence   of,  on    lumbering  in- 
dustry, 368. 
Glacier,  influence  of,  on  manufacturing, 

377. 

Glacier,  influence  of,  on  scenery,  367. 
Glacier,  influence  of,  on  water  ways,  379, 

380. 

Glacier,  water  from,  110. 
Glacier,  work  of,  108. 
Glaciers,  valley,  106,  119. 
Glacio-fluviatile  Plains,  72,  86. 
Glens  Falls,  190. 

Gneissic  Highland  Province,  2-4,  14. 
Gneissic  Highlands,  2,  15,  22. 
Goat  Island,  gravels  on,  280,  282. 
Gorge,  Hudson,  188. 
Gorges,  20,  33,  103,  105. 
Gorges,  buried,  162-163. 
Gorges,  interglacial,  162-163,  178,  179,  180. 
Gorges,  postglacial,  172-178. 
Gravel-filled  valleys,  72,  86. 
Great  Basin,  213. 
Great  Lakes,  18,  80,  159,  201,  2D». 
Great  Lakes,  area  of,  221,  222. 
(ireat  Lakes,  basins,  origin  of,  2::2-239. 
Great  Lakes,  changes   in   level   near,  2'.'7- 

299. 
(ireat  Lakes,  elevated  benches  along,  328- 

330. 

Great  Lakes,  effect  of  tilting  on,  2i'i2-'_1r.r>. 
(ireat  Lakes,  ice-dammed.  2.V>-2i'i.~>. 
Great  Lakes,  influence  of,  on  climate.  ::7. 

:;::s.  339. 
<ire;tt  Lakes,  influence  of,  on  clom!ine»s. 

363. 
i  ireat  Lakes,  influence  of,  on  New    York. 

379. 
<  ireat    Lakes,     influent f,   on     Niagara. 

286-96. 

•ireat     Lakes,    inlluen II     temperature. 

349. 

•  ireat    Lakes,  possible    future   outlet    of, 
265. 
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Great  Lakes,  postglacial   history  of,  240- 

265. 

Great  Lakes,  preglacial  condition  of,  225. 
Great  Lakes,  rainfall  of,  357. 
Great  Lakes,  relative  humidity  near,  364. 
Great  Salt  Lake,  213. 
Green  Bay,  222. 

Greenland  Ice  Plateau,  108,  111,  112. 
Greenland  ice  sheet,  106. 
Green  Mountains,  25,  54,  55. 
Greentree  Falls,  173. 
Greylock,  Mt.,  25. 
Gulfs,  161,  173. 

Hamilton  College,  cloudiness  at,  362. 

Hanging  Hills,  62. 

Hardheads,  140. 

Hardpan,  141. 

Helclerberg  escarpment,  8,  13,  31,  59. 

Helderberg  limestone,  27. 

Helderberg  Mountains,  9,  66. 

Highlands,  Gneissic,  2. 

High  pressure  areas,  36. 

Himalayas,  60. 

Holyoke,  Mt,  63. 

Homer,  cloudiness  at,  362. 

Hooks,  323. 

Hoosac  Mountain,  54. 

Horseheads,  overwash  plains  at,  130. 

Horseshoe  Fall,  retreatof,  281,282,283,285. 

Howe's  Cave,  192. 

Hudson  River,  4,  6,   18,   19,  20,  156,  184- 

190,  224,  263,  329. 
Hudson  River,   effect   of   depression    on, 

304,  305. 

Hudson  River,  freezing  of,  349. 
Hudson  River  Gorge,  188. 
Hudson  River,  navigation  of,  380. 
Hudson  Valley,  29. 

Hudson  Valley,  influence  on  climate,  38. 
Hudson  Valley,  rainfall  in,  351,  357. 
Hudson  Valley,  submergence  of,  189,  190. 
Hudson  Valley,  temperature  of,  349. 
Humidity,  relative,  363. 
Huron,  Lake,  222. 

Icebergs,  111,  112. 

Ice-dammed  Great  Lakes,  255-265. 

Ice-dammed   Lakes,  79,  80,  131,  201,  202, 

213,  244-265. 
Ice  erosion,  180. 

Ice  erosion  of  Great  Lakes  basins,  233-39. 
Ice  invasion,  32. 
Ice  plateau,  83. 
Ice-scoured  plains,  72,  95. 


Ice  sheet,  103. 

Ice  sheet,  advance  of,  106. 

Ice  sheet,  American,  106. 

Ice  sheet  in  United  States,  107. 

Ice  sheet,  retreat  of,  112. 

Ice  sheet,  work  of,  108. 

Industrial      development,     influence      of 

physiography  on,  367-383. 
Infusorial  earth,  212. 
Interglacial  gorges,  162,  163,  164,  178,  179, 

180. 

Interlaken,  208. 
Iron,  378. 

Irondequoit  Bay,  85,  167. 
Iroquois  Lake,  248,  260,  262,  263. 
Isothermal  charts,  332. 
Isotherms,  34. 

Isotherms,  New  York,  338,  342,  343,  344. 
Ithaca,  81,  207,  210. 
Ithaca  Falls,  175,  177. 
Ithaca,  gorges  near,  172-178. 
Ithaca,  rainfall  at,  364. 
Ithaca,  rainy  days  of,  359. 

Jamestown,  moraine  at,  127. 

Jamesville  Lake,  206. 

Jungfrau,  46. 

Jura,  60. 

Juratriassic  history,  186. 

Kaaters  Kill,  190,  191. 
Katahdin,  Mt.,  50. 
Kames,  133. 
Karnes,  serpent,  134. 
Kettle  holes,  120,  121,  131. 
Kettle  lakes,  203,  212. 
Kettle  moraines,  121. 
Kingston,  temperature  at,  350. 
Kittatinny  Mountains,  41,  57-61. 

Labrador  Mountains,  50. 

Lacustrine  plains,  72,  79,  92. 

Lake  beaches,  elevated  origin  of,  251-254. 

Lake-bottom  plains,  72,  79. 

Lake  delta  plains,  72,  80. 

Lake  Plains  Province,  96,  100. 

Lake  shore  plains,  9-13,  15,  28,  266,  267, 

Lake  shores,  300-330. 

Lake  shore  swamps,  216. 

Lake  swamp  plains,  72,  81. 

Lakes,  16,  17,  32,  33,  103,  193-219. 

Lakes,  consequent,  194. 

Lakes,  destruction  by  evaporation,  213. 

Lakes,  destruction  of,  207-213. 

Lakes,  glacial  origin  of,  154. 


Lakes,  ice-dammed,  79,  80,  1.31,  244-20.1. 

Lakes,  influence  on  climate,  1.7,  371. 

Lakes,  life  history,  -207-213. 

Lakes,  origin  of,  105,  193. 

Landslide  lakes.  200. 

Laurentian  River,  182. 

Lava.  02. 

Lava  plains,  72,  92. 

Libert}-,  cloudiness  at,  362. 

Liberty,  rainfall  at,  351. 

Little   Falls,  i::,  183,  184,  227. 

Lockport,  canal  at,  380. 

Linn:  Island,  1,  73,  77,  300. 

Long  Island,  climate  of,  346. 

Long  Island,  moraine  of,  127,  128. 

Long  Island,  plains  of,  130. 

Long  Island  Province,  1,  2,  14. 

Long  Island,  rainfall  of,  3.17. 

Long  Island,  shores  of,  315,  317,  318. 

Long  Island  Sound,  327. 

Long  Island  Sound,  origin  of,  304,  305. 

Long  Lake,  209. 

Lookout  Mountain,  G7. 

Lower  Silurian  history.  6,  14,  24,  43,  52. 

Low  pressure  areas,  36. 

Lumbering,  373,  375. 

Lumbering  industry,  368. 

Mackinac  Strait.  222. 

Malaspina  Glacier,  86,  87,  120. 

-Mammillary  hills,  144. 

Manufacturing,  beginnings  of,  372-377. 

Manufacturing,  later  development  of,  '177. 

Marry.  Ah.,  14.  46. 

Marine  beaches,  189. 

Marine  conditions  in  St.  Lawrence  Valley, 

252-254. 

Marine  denudation,  plain  of,  92. 
Marine  hypothesis  for  lake  beaches,  251- 

254. 

.Marine   plains,  7],  ;•_',  73-79,  !IL'. 
Marl.  82,  212. 

Marches,  fresh  water,  72,  81. 
Mattel-horn.   10. 
Mature  mountains,  40. 
Mature  plains,  71. 
Mamnee   Lake,  25.1. 
Maiimee   Valley,  213. 
Mean  annual  temperature,  33. 
Mcso/.ojc  history,   1.10. 
Michigan  Lake,  L'JJ. 
Mineral  resources.  :;7>. 

i   delta,    lakes  on,  198. 

i    Kiver.   1:1. 

i  Valley  as  a  gateway,  381. 


Modified   drift,   110. 

Mohawk   Hiver,  1*.  156,  157,  182-184,  215, 

227.  21S.  259.  202. 
Mohawk  Valley,  I:;.  15,  16,  20,  29. 
Mohawk  Valley,  temperature  of,  349. 
Mohawk  Valley,  influence  on  climate,  38. 
Mohawk  Valley  Province,  13,   15. 
Mohonk,  Lake,  I'D;,,  -joo. 
Monoclinal  shifting,  3i>. 
Monongahela  River,  ]r,l. 
Monsoon  winds.  333,  334. 
Montezuma  marshes,  91,  217. 
Moraine  bouldery,  139,  140. 
Moraine,  explanation  of    123-127. 
Moraine  in  New  York,  127. 
Moraine,  structure  of,  122. 
Moraine,  topography  of,  119. 
Moraines,  112,  114,   118,  119-130,  172-17::. 

201. 

Moraines,  association  of, with  beaches,  25n. 
Moraines,  irregularity  of,  123. 
Moraines  of  second  glacial  epoch,  107. 113, 

115,  119,  172. 
Moraines,  shoved,  124. 
Moraines,  western  New  York,  113,  111. 
Morainic  kettles,  203. 
Morainic  lakes,  202. 
Morainic  ponds,  122. 
Mountain-dam  lakes,  201. 
Mountain  peak,  40.  I!'. 
Mountain  range,  40,  00. 
Mountain  ridge,  40,  49. 
Mountain  scenery.  307. 
Mountain  valleys,  49. 
Mountains,  39. 
Mountains,  crystalline,  49. 
Mountains,  mature,    to. 
Mountains,  old.  to,  50,  57. 
Mountains,  sedimentary,  49. 
Mountains,  use  of  term,  39. 
Mountains,  youiiir.   10. 

Navesjnk  Highlands.  1121,  ;{22. 

Newbcrry  Lake.  25,s.  L'.V.I,  L'OO,  201. 

New  Knglaud  mountains,  .10. 

New  Jersey  highlands.  2,  55,  58. 

New  Jersey,  map  of.  319. 

New  land.  73. 

New  Li  si  ion.  temperature  extremes  t'or.:;  t.i. 

New  York  Bay,  1*7,  221,  ::oi.  30.1.  327. 

New  York  ( 'it  v,  ancient  mountains  near.  56. 
New  York  City,  cloudiness  at.  :;il2. 
New  York  City,  rainy  days  ,,|'.  3.V.I. 
New  York   City,  reasons    for  development 
of.  381. 
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New  York  City,  relative  humidity  at,  363. 
New  York  City,  temperature  averages  for, 

345. 
New  York  City,  temperature  extremes  for, 

345. 

New  York  isotherms,  338,  342,  343,  344. 
Niagara  as  a  chronometer,  285-296 
Niagara,  description  of,  266-273. 
Niagara,  early  views  concerning,  273-284. 
Niagara,  effect  of  tilting  on,  262-265. 
Niagara  escarpment,  12,  31,  97,  98. 
Niagara  Falls,  12,  20,  33,  222,  266-299. 
Niagara  Falls,  utilization  of,  377,  378. 
Niagara,  future  of,  297-299. 
Niagara  limestone,  26. 
Niagara,  present  retreat  of,  284-285. 
Niagara  River,  12,  18,  163,  208,  222,  226, 

248,  262,  263,  264,  265,  266-299. 
Niagara  type  of  waterfall,  177. 
Niagara,  variation  in  retreat  of,  285-296. 
Nipissing  Great  Lakes,  263,  264. 
Nipissing  outlet,  263,  264,  265. 
Normal  development,  lakes  of,  195. 
North  Channel,  222. 
North  Fairhaven  Bay,  325. 
Number  Four,  temperature  averages  for, 

345. 
Number  Four,  temperature  extremes  for, 

345. 
Nunataks,  109,  111,  112. 

Oatka  Creek,  165,  166. 

Ocean  influence  on  climate,  36. 

Ocean  shores,  300-330. 

Old  land,  73. 

Old  mountains,  46,  56,  57. 

Old  plains,  71. 

Onondaga  Lake,  227. 

Ontario,  Lake,  12,  16,  17,  18,  31,  105,  204, 

205,  222,  223,  248,  263,  264. 
Ontario,  Lake,  influence  on  temperature, 

350. 

Ontario,  Lake,  origin  of,  98,  233-239. 
Ontario  plain,  12,  98,  99. 
Ontario,  shores  of,  300,  301,  300,  324,  325. 
Ontario  valley,  180,  181. 
Ordovician  history,  43,  58. 
Original  consequent  lakes,  194. 
Osars,  134. 

Oswego,  cloudiness  at,  362. 
Oswego,  rainfall  at,  358. 
Oswego,  rainy  days  of,  359. 
Oswego,  relative  humidity  at,  363. 
Oswego  River,  18,  180. 
Oswego,  temperature  at,  350. 


Otsego  Lake,  freezing  of,  347. 

Ottawa  River,  263. 

Overflow  channels,  251-254,  255-260. 

Overwash  plains,  72,  87,  130,  133,  170. 

Oxbow  cutoffs,  195,  196. 

Oxford,  temperature  at,  340. 

Paleozoic  history,  22,  24,  41,  52,  58,  65,  79, 

155,  194,  302,  330. 
Paleozoic  Sea,  43,  64. 
Palisade  Range,  41,  61-63. 
Palisade  type  of  mountains,  62. 
Palisades,  2,  3,  4,  7,  14,  21,  41,  61,  62. 
Peak,  mountain,  40,  49. 
Peat  bogs,  82,  215. 

Peneplain,  47,  56,  62,  93,  100,  101,  156. 
Peninsulas,  origin  of,  302. 
Pepin  Lake,  198. 
Petroleum,  378. 
Physiographic  features,  21. 
Physiography,  influence  of,  on  industry, 

367-383. 

Physiographic  provinces,  1. 
Plaaters  Kill,  190,  191. 
Placid,  Lake,  203. 
Plain  of  marine  denudation,  92. 
Plain,  sea-bottom,  72,  78. 
Plains,  69-102. 

Plains,  classification  of,  71-72. 
Plains,  coastal,  79. 
Plains,  constructional,  71,  72,  73-92. 
Plains,  destructional,  71,  72,  92-102. 
Plains,  filled-lake,  72,  82. 
Plains,  fluviatile,  72,  82,  93. 
Plains,  glacial,  72,  83,  95. 
Plains,  glacio-fluviatile,  72,  80. 
Plains,  gravel-filled  valley,  72,  86. 
Plains,  ice-scoured,  72,  95. 
Plains,  lacustrine,  72,  79,  92. 
Plains,  lake-bottom,  72,  79. 
Plains,  lake-swamp,  72,  81. 
Plains,  lava,  72,  92. 
Plains,  life-history  of,  69-71. 
Plains,  marine,  71,  72,  73,  92. 
Plains,  mature,  71. 
Plains  of  denudation,  72,  95. 
Plains,  old,  71. 
Plains,  overwash,  72,  87. 
Plains  Province,  9-13,  15. 
Plains,  river-cut,  72,  93. 
Plains,  terrace,  72,  88. 
Plains,  volcanic,  72,  91. 
Plains,  wave-cut,  72,  92. 
Plains,  young,  71. 
Plauation,  94. 
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Planetary  winds,  333. 

Plateau,  67,  G9-102. 

Plateau,  ice,  83. 

Plateau,  life-history  of,  69-71. 

Plateau  Province,  8,  9,  15,  16,  G5,  79,  14.'!, 
159. 

Plateau  Province,  climate  of,  347. 

Plateau  Province,  rainfall  of,  355. 

Plattsburgh,  relative  humidity  at,  364. 

Plattsburgh,  temperature  averages  for, 345. 

Plattsburgh, temperature  extremes  for, 345. 

I'onds.  moraiuic,  122. 

Pony  Hollow,  171,  172. 

Portage  Falls,  165. 

Portageville,  164,  165. 

Port  Bay,  180. 

Postglacial  gorges,  165,  172-178. 

Postglacial  history  of  Great  Lakes,  240- 
265. 

Postglacial  uplift,  190. 

Post-Paleozoic  denudation,  31. 

Pothole  lakes,  206. 

Potsdam,  temperature  extremes  for,  345. 

Precipitation,  351-366. 

Preglacial  conditions,  104. 

Preglacial  drainage,  155-158. 

Preglacial  history  of  Great  Lakes  region, 
224-232. 

Preglacial  history  of  St.  Lawrence  sys- 
tem, L'_' !-•_':;_'. 

Provinces,  physiographic,  1. 

Pseudo-Mountains,  41. 

Rainfall,  33,  36,  333-339. 

Rainfall,  fluctuations  of,  355,  356. 

Rainfall  for  summer,  3.">:{. 

Rainfall  for  winter,  352. 

Rainfall  for  year,  354. 

Rainfall  relation  to  storm  frequency,  356. 

Rainfall,  variability  of,  364. 

Rains,  autumn,  :!.">7 . 

Rainy  days,  frequency  of,  359. 

Raised  sea-bottoms,  72,  78. 

Ramapo  Mountains,  3. 

Range,  mountain,  40,  6(». 

Ray  Brook,  82. 

Recession,  moraines  of,  120,  128. 

Relative  humidity,  3U::. 

RidL-e,  mountain,  In. 

Ridiff  road,  210. 

Ridges,  mountain.  1!'. 

River  beheaded,  191. 

River  pirate,  I'.IO.   1!H. 

Rivers,  17,  •_'!!,  32,  l.V.-1'.rj. 

Rivers,  glacial  interference  with,  l.~>l. 


Rochester,  377. 

Rochester,  cloudiness  at,  362. 

Rochester,  rainfall  at,  ::.".s. 

Rochester,  rainy  uays  of,  359. 

Rochester,  relative  humidity  at,  363. 

Rochester,  temperature  at,  350. 

Rochester,  temperature  averages  for,  345. 

Rochester,  temperature  extremes  for,  345. 

Rockaway  Beach,  76. 

Rock  Basins,  180,  204,  205,  233-239. 

Rock  Cities,  27,  97. 

Rock  flour,  139. 

Rocky  Mountains,  46,  49,  60. 

Rotation,  effect  of,  on  rivers,  191. 

Saginaw  Lake,  259,  260. 

Saguenay  River,  225. 

St.  Clair  Lake,  222. 

St.  Clair  River,  222. 

St.  David's  Gorge,  272,  280,  281,  289,  290, 

291,  292. 

St.  Lawrence,  freezing  of,  349. 
St.  Lawrence,  lower  course  of,  226. 
St.  Lawrence,    preglacial   course  of,  227- 

232. 
St.  Lawrence,  preglacial  history  of,  224- 

232. 

St.  Lawrence  River,  17,  18,  19,  29,  220-2:12. 
St.  Lawrence  Valley,  26. 
St.  Lawrence  Valley  as  a  gateway,  381.  3S2. 
St.  Lawrence  Valley,  rainfall  in,  .'.551,  :G7. 
St.  Lawrence  Valley,  relative  humidity  in, 

364. 

St.  Lawrence  Valley,  temperature  of,  348. 
St.  Mary's  River,  222. 
Salamanca,  moraine  at,  127 
Salina  beds,  2(1. 
Salt,  378. 
Salt  beds,  26. 
Salt  lakes,  213. 

Salt  marshes,  72,  73,  75.  76,  77,  78,  325-:  ;2v 
Sand-bar  lakes,  I'.l7.  I'.IS.  1<>'.I. 
Sand  dunes,  L'20. 
Sand  plains,  72.  90,   132. 
Sandy  Hook,  :!19.  ::20.  :;21.  ::22. 
Scandinavian  mountains,  50. 
Scenery  in  mountains.  3117. 
Scottish  Highlands,  .")(),  .~>7. 
Sea-bottoms,  raised.   72,  78. 
Sea  breeze,  3  in. 
Sea  cliffs.  309-:U3. 
Sedimentary  mountains,   l;i. 

Seiches,  ::oi,  309. 

Seneca    hake.    Si.    HIS,    201.    205,    209,  210, 

2."iii.  2 .".7,  2.".S. 
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Seneca  Lake,  freezing  of,  350,  351. 

Seneca  Valley,  170-171,  180-181. 

Serpent  kames,  134. 

Setauket,  rainfall  of,  357. 

Setauket,  temperature  averages  for,  345. 

Setauket,  temperature  extremes  for,  345. 

Shawangunk  Mountains,  7,  59,  65,  205. 

Shore  lines,  300-330. 

Shore  lines,  ancient,  89. 

Shore  lines,  elevated,  328-330. 

Shoved  moraines,  124. 

Sierra  Nevada,  GO. 

Silurian  History,  24,  25,  26,  44,   186,  213, 

330. 

Sinkholes,  199,  200. 
Six  Mile  Creek,  173,  178,  179. 
Soil,  glacial,  117. 
Soil  of  New  York,  309-372. 
Spencer  River,  161. 
Sphagnum,  210. 
Sphagnum  bogs,  215. 
Spits,  321,  323. 
Stacks,  313. 
Stalactites,  192. 
Stalagmites,  192. 
Storms,  36. 

Storms,  clouds  accompanying,  362. 
Straits,  origin  of,  303. 
Stratified  drift,  116. 

Submergence  of  Hudson  Valley,  189,  190. 
Subsidence,  33. 
Sunshine,  33. 

Superior,  Lake,  221,  222,  232,  236,  237,  239. 
Susquehanna  River,  19,  29,  130,  156. 
Swamps,  81,  82,  103,  213-219. 
Syracuse,  378. 

Taconic  Mountains,  6,  24,  25,  29,  41,  51, 
52-57,  58,  65. 

Taconic  Province,  4-9,  15. 

Tadpole  drumlins,  148. 

Taughannock  Creek,  143, 144, 174, 176,  177, 
178. 

Taughannock  delta,  209. 

Taughannock  Falls,  176,  177. 

Temperature,  36. 

Temperature  averages,  345. 

Temperature  charts,  New  York,  342,  343, 
344. 

Temperature  curves,  mountain  and  val- 
ley, 341. 

Temperature  extremes,  345. 

Temperature,  influence  of  topography  on, 
340. 

Temperature,  inversion  of,  348. 


Temperature  range,  33-35. 

Temperature,  reasons  for  changes  in,  332- 

339. 

Temporary  glacial  lakes,  132. 
Terminal  moraine,  118,  119. 
Terraces,  72,  83,  85,  88.  90,  93,  94. 
Tertiary  history,  31,  45,  47,  57,  59, 157,  186, 

188. 

Tertiary  uplift,  32. 
Thomson's  Gap,  159,  183. 
Thousand  Islands,  18,  220,  263,  264,  307, 

308. 

Thunderstorms,  358,  359,  360. 
Tides  in  lakes,  301. 
Till,  84,  117. 
Till,  bouldery,  139,  140. 
Till  plains,  72,  84. 
Till  sheet,  139. 
Till,  thickness  of,  141-144. 
Till  tumili,  144. 
Tilting,  effect  of,  on  Great  Lakes'  outflow, 

262-265. 
Tilting  of  land,  effect  of,  on  lake  basins, 

233-239. 
Tom,  Mt.,  63. 
Tonawanda  Creek,  163. 
Topographic  mountains,  39. 
Toronto,  temperature  at,  350. 
Trap  ridges,  63. 
Trap-rock  mountains,  61. 
Trent  River,  262,  263. 
Triassic  history,  4,  61,  62,  156,  186. 
Triassic  sandstone,  4,  7,  15. 
Triphammer  Falls,  174. 

Underground  channels,  191. 
Uplift  of  laud,  28,  29. 
Uplift,  postglacial,  190. 

Valley  glaciers,  100,  119. 
Valley  trains,  130. 
Valley  winds,  340. 
Valleys,  drift-filled,  162. 
Valleys,  mountain,  49. 
Volcanic  action,  52. 
Volcanic  plains,  72,  91. 
Volcanoes,  62,  63. 

Walden  Ridge,  67,  (i8. 

Warping  of  crust,  effect  of,  on  lake  basins, 

234-39. 

Warren  Lake,  2(10,  2(il. 
Waterfalls,  20,  33,  103,  105,  173-178. 
Watergaps,  30. 
Waterways,  379. 
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Waterways,  influence  of,   on  lumbering, 

375. 

\V:itkins,  81,  210. 
Wave-cut  plains,  72,  92. 
Weather,  3G. 

Weather,  variability  of,  334,  335,  337. 
West  Rock,  li-J. 
Whirlpool,  Niagara,  163,  270,  271,  272,  280, 

289,  290,  291,  292. 


Whirlpool  Rapids.  i>70.  271,  287,  288,  290, 

292. 
Whirlpool-St.    David's    -or-,-.   272,    L'MI, 

281,  283,  289,  290,  291,  292. 
White  Mountains,  50. 
Whittli'scy  Lakr,  255,  2.V.I.  200. 

Young  mountains,  46. 
Young  plains,  71. 


